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Serum homocysteine level is increased and correlated
with endothelin-1 and nitric oxide in Behget's disease
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Background/aims: Behcet's disease {BD) is a systemic inflammatory vasculitis of young adulls with
unknown aetislogy, characterised by endothelial dysfunction and occlusion in both deep venous and
retinal cireulation. Ceular involvement occurs in 70% of cases and is characterised by periphlebitis,
periarteritis, vascular occlusion, and thrombosis leading to blindness despite vigorous lreatment.
Endothelin-1 (ET-1) is a vasocenstricting peplide while nitfic oxida fNG} is a relaxing molecyle and
both are released by endotheliym for blood flow regulation, Homacysteinaemia is a newly defined term
connected lo the increased risk of atherothrombotic and atherosclerotic systemic and retingl vascular
occlusive diseases, and its role in the course of BD has not baen previously described. The authors
aimed fo detect serum Iofal homacysteine (iHcy), ET-1, and NO in BD and to assess if tHey, ET-1, and
NQ are associated with ocular BD or disease activity.

Mathods: 43 consecutive potients with ocylar {n = 27] or non-ocular in = 16) BD {36.95 [SD 9.80}
yeors, 22 male, 21 female) salisfying international criteria, and 25 age and sex maiched healthy con.
tral subjects {37.88 {8.73) years, 13 male, 12 female) without a history of systemic or retingl venous
thrombosis were included in this study. Patients were examined by two ophthalmologists with an infer.
estin 8D. Serum tHey, ET.1, and NO concentrations were measured in both groups. Hyperhomocyslei-
naemia was defined as a tHey level above the ?5th percentile in the conirol group. Patients were
divided into active and inactive period by acule phase reactants including «, anlitrypsin, a,
macroglobulin, erythrocyte sedimentation rate, and neutrophil count.

Results: The overall meon serym Hey, ET-1, and NOQ levels were si nificantly higher in pafients with
BD than in control subjects fHoy = 15.83 {4.44) v 796 [2.66) ng/m?, p<0.001; ET1 = 17,47 (4.33)
v 5.74 {2.34) ymol/ml, p <0.001; NO = 37,40 (10.31) v 27.08 (7.76) pmol/i, p <0.001). Serum
tHey, ET-1, and NO levels were significantly higher in active patients than in inactive patients and con-
rol subjects. In addition, among palients wivi ocular BD, the mean IHcy levels were significantly

stage and controls.

Conclusions: Elevaled 1Hcy may be responsible for the endothelial damage in 8D ond may be an
additional risk facter for the developmenr of retinal vascular occlusive disease, conrnbuﬁng to the poor
visual outcome in these patients. Assessment of tHey may be imporiant in the investigation and man-
agemen of patients with 8D, especially with oculor diseose.,

cheets discase (BD), firt described by a Turkish physician prothrombatic surlace, and therelore .1lhumlhrumlmgcncsis.‘
Hulusi Behger,' is an immunoinflammatory disorder of Furthermore, raised Hey levels have recenmtly been suggested

unkrown actiology, 1 is g mubtisvsiem  disease affecting as a risk facior for non-arieritie anerior ischaemic oplic
LIMOSLCVerY organ without exception.’ ' 1t is characterised by neuropathy™ and retinal vascular occlusive disease with
ratizal sechisive vasculitis and thrombosis, and anierior or |hmmbncmbnlE:im."‘l'\\'urcccnlly idlemtfied cellular mediators
PUSWCHIE Svenis in assediation with oral aphihae. genital enduthelin-1 (BT 1) and nitric oxide (1NO3 are released frem

uleeration, and  cutancons lexions.t Qcular inflammatory cmfnllwlium.ET—lEnduccsvnmcnnslriclinn.md conmiribuies 1o

divease iy sencrally bilater,

al and uccnrs in approximately 70% vcular pathological manifestations, pPromeding retinal capil-

of cases. Although paticnts with predominanily antcrior uvei- lary non-perfusion and ischacmia.” On the other hand, NO
tis have a relatively gomd prognosis, recurrent obliterative reii- induces vasorelaxation and inhibits platelet adhesion." The
nal vasculitis and thrombesis occur in 30%—0% of patienis cumbination of the paracrine effecis of ER1 along with release
ad B othe major canse of blindness despite vivorous of NO are likely 10 have a relevant thysiological role in he
Ireatment.” Systenne venous acclusion alse oceurs in 40% of regulation of systemic and retinal blood flow, ™

cases. However, the cern

an pathogenic mechanism and the We have recenily reported for the firs 1ime 1hag e

relation between thrombogenic events and retinal of \ystemic vasoregulatory molccules such adrenomedutiin® ang NO*-
vaseolar complications semain undjear, One of the major fac-
tors respomible tor the inereased frequency of thrombugen.

vsis s thoueht ta e erdahedial dysunciion, which is the

charavierisie featare of 31y Abbreviotions: BD, Behcol's disease: CV. coeflicignty of venance

Homaocysteine tleyyis
duvizg 1he comervaon ol

wethionine 10 cysteine., Hyperhomo.
CYMCinaCiL refers Lo omitd 1o moderate clevation of ey in

A intermedsary amino acid formed EYSA, enzyme dinked "mmunosorbont assay, ESR, erythrocyho

sedimentation sale: £7.1, endcihelin. 1, Hey, homacysieing HPIC, hgh
nesarmance liguid chromotogrophy; LOM, laztgre dehydregerose,
NACP, nicotinomide odenine dinucleonde phosghate: MADPH, reduced

Blieed or sernm, Hiwh devels of Hey causes lipid peroxidation, nicolinamide adenine dinuclectide phosphate; MO, nuric axide, tHey,
vascular erubahilial injury, impaired vasomaotor regulaiion, latal homocysteing
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nught 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, suugesting NO as a passible new activity
marker.” Since humocysiemacniia participates in thromboge-
netic vvems and retinal vascular occlusive disease by direct
loxic clfeet on endothelial cells, we considered it as an
interesting target of investigation. and its role in the
setiopathogenesis of BD has no1 been previously investigated.
In addition, we assessed whether (he Hey level is associated
with ocular disease and disease activity, We also evaluated if
the Hey level is correlated with the two cndothelium derived
ET-1 and NO levels during ihe course of ithe discase. To our
nowicdue, this is the first teport an licy levels during the
course of BD.

MATERIALS AND METHODS

Potients

A 101al ol 43 consecutive patients with ocular (n=27)or
non-ocular (n = 16) BD (36.95 {512 9.80) years (range 17-57),
22 male and 21 female) attended our Behget's disease clinic
and 25 age and sex maiched healthy control subjects {37.88
(8.73) years {19-57), 13 male and 12 female) from a sumilar
ethric background were included in (he present study, All BD
patients dultifled the criteria of the International Stusly Group
Tor Behget's Discase."”

Since there was no clinically accepiable seoring system and
laboratory sereening profile 10 detine the severity of BD, clini-
cal amd faboratory lindings were used 10 classify the patienis
a5 ACtive or inacijve. Erythrocyte sedimentation rate {ESR),
neutraphil count, and acute phase reactants (@, antitrypsin
and a. macroglobuling were determined and constituted the
iaburatory tindings as described before.” * In clinical evatua-
tion, worsening of clinical symproms at the 1ime of study with
having al least three of (he major findings (retinal vaso-
occlusive disorder or Anlerior/pusterion oF panuveitis; aph-
thuss stonmatines; senital ulcers: pdepusiular or pseadolul-
lleular cutaneous  lesions; patherey  test positivity) were
vonsidered 1o be In the active stage of the discase, The diagno-
sis of uveitis was made according 1o the International Uveitis
Stody Gronp.™

Patienmis” denails were obtained from case nales and ocular
examinations were performed by two experienced ophthal-
mologists using a <tandard procedure. In particular, & history
of systemic thrombosis and evidence for retinal vascular
occlusion was sought. Where the panterior segment could not
be visualised, patiemis with an end stave ocular disease
Lhthisical or completly blind) were assumed 10 have
sulfered vaso-occlusive disease of the retina,

Control subjects
Twventy five hospital based healthy control subjects from a
similar ethaie backgrowud were age and sex matched and had
o history or dinical evidence of any systemic or ocular
disease. Exclusion eriteria were hepatic and renal discases
(chronic renal failure), thyroid discase, diabetes, essential
hypertension, congestive heart discase, psychiatric illness, and
pregnancies. Since druwgs (fibrates, carbamazepine, phenyioin,
methotresme, corticosteroids, CYUHONCS, non-sieroidals, elc)
cdd attedt the levels of measured paramerers, detniled hisio-
rics ot medicanon were obeained in both groups and <uch
paticnts were not included in (he study, Xeme of the subjects
had muritivnal deficiency or took vitamin supplementation.
Al pantivipants in both wronps gave theie wrinien inforned
sesent el apgeaval of he haspitals institotional eihicy
teview boand was eliaingd, The Laboratory personnel were
mantaied masked 1o the imgeal diagnosis and group of the
subjects, matching cach blood sumple by letter coding, and <o
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were the clinicians 1o subsequent Hey, ET1, and RO level
determinations until the end of the study.

Blood samples

Whale blood samiples (totally 10 ml} were drawn using a 25
wauye needle from a peripheral vein, aviiding haemolysis, inwo
plain tubes in the morning hours {08:00-10-00} afier an over-
night last and 30 minues of supine rest, None of the patients
and centrols had received any 1opical or systemic mcdication
at least 2 weceks before blood collection. Following an immedi-
ate centrifugation of the first three quariers of the blood sam-
ples (7.5 ml} au 800 g for 10 minutes at +C, serum was
collected and kept a1 -70°C uniil use.

Serum Hcy analysis
Since the concentration of Hey in serum increases artiticially
over time if blood is stored uncooled and uncentrifuged
immediately afier sampling, vwing to the ume and iempera-
ture dependent release of fley from erythrovytes, the blomd
samples were cooled and centrifuged immediately afier
collection and 1he erythrocytes removed, Serum 1o1al homo-
cysicine (tHey) levels were determined by enzyine linked
immunosorbent assay (ELISA) kit {Homocysieine Enzyme
Immunoassay Kit, Bio-Rad Lab, Oslo, Norway), It is an easy 1o
use immunoassay for the assessment of ey levels in serum.
The 1Hey enzyme immunoassay has highly specific enzymatic
sampie pretreatment, convenient microplate format, siand-
ardised immunoassay mrocedure, paralle) sample processing,
and wide dynamic range. Test results correlate well with refer-
ence high performance liquid chromatography (HPLC) a1 a
fevel ul al teast 0.98, :

In addition o 1he to1al mean serim levels tor Hew™ hyper-
homocysteinaemia was defined as a serum 1Hey level above
the 95th percentile in the conirol group as described before,™

Serum ET-1 analysis

Duplicate serum samples from each subject were assaved for
ET1 by a commercially available ELiSA kit (Endothelin.
Enzyme Immunoassay Kir, Cayman Chent, Ann Arbor, MI,
USA) It is a sandwich CRZVImE immunoassay that permiis
ET1 measurements with a detection Thnit of ~1.3 pinoliml,
The intra-assay and inlerassay coelicients ol variance (€V)
were both less than 10%. The assay allows sensitive and
specilic (100%) analysis of ER1 i serum,

Serum lotal nitrite {NO, + NO,) analysis

NOis a labile compound with a brief hall life and is rapidly
sonveried 1o the stable end products nitrate INO b and nitrie
{N0,) in typical oxygenaled agquecus soluions, and is subse-
quently excreted into urine. Because anexcellent and
sanitive colorimelric reagemt (the Griess reagent) ¢xists lor
the determination of MO Es 3 commuon praciice e use
cnzymatic or chemical reduction to convert all NQO, o NO
this is ntade by NADP dependent enzyme nitraie reductase in
a sample, foliowed by spectrophotometric analysis of wal
nitrite as an indicator of recent NO production in biological
samples in vive as desenbed belore.™ ™ In addition
providing all necessary COMPONCs in a microtitre format, |
cmploys affinity purified Zea mays nirate reductase and NADP
therelw drewmventing some of Lhe potential problems
reported fur NOU measurement using nicetinamide adenme
dinuclemide phosphate (NADP) dependent nitrage
reduciases,”

In short, serim (250 ph was incubated Al nean lemprerature
with 250 pl of substraie buffer timidazole 0.1 mold, reduced
NADIMENADPID 20 pmoldd, Havine adenine ding, leatide, 3 8
POIGLL T o an the preseice of mrale icductase [(ROTYIRITN
Hger. Nigma) for 35 minuies 1o convery NOL 1o SO ENGens
redoced NADPH, which interieres with the dierival dete o
ol NOL L was oxulised by comtinuation of the incabanion of 5 pe
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Table 1 Serum homacysteine, endothelin-1, and nifric oxide tevels in palients with Behget's disease and controls with

stalisticol comporisons

All BD Active BD Inactive BD GCeular BD Non-acular BD Cenirel

[n=43) [n=20) [n=23) {n=27) n=14) (n=25)

Mean [SDY ‘Maan (50) Meon (SD) Mean [5D) Mean {SO) Maan (5D}
Age [years)* 36.95 i9.804 37.359.39) 36.60 (10,34} 38.80 [9.84) 31518 [9.65) 37.88(4.73)
tHey [ng/ml) 15.83 [4.44)1 17.79 (3.901t 14.13 {4.23) 18.25 |4.20)§ 13.53 (3.34) 7.96 (2.64)
ET-1 {pmol/mly 17 a7 {433}y 1917 (3.71) 15.99 (4.5} 19 40 [5.02)§ 15.62 {2.48) 5.74(2.34)
NG tumol/f) 3760010011t 41.15 7 98)3 34.5210.7¢) 42,00 (10,6218 33.40 (7 48) 27,08 [7.76)

80, 8ehcal’s disecse; tHey, iotal homacysieine; ET.1, endothelin-1; NO, nitric oxide,

“The mean age batween the groups was comparable (p>0.05),

1Significantly ddferent fram the contols by Mann-Whitaey U test [far each, p<C.00N).
13ignificanily different from the inactives Wikcoxan test; lor each, p<0.05) and controls [Monn-Whilney U fest; for each, p=<Q.001).
§Significantly different fram tha nomoculor potienty [Wilcoxon test; for each, <0.01) ond conlrols {Mann-Whitney U tes); for each, p<0.001).

{1 ml) of lactate dehydrogenase (LDH, Sigma), 0.2 mmolA
(120 pl) pyruvate tSigmal. and 79 ml of water., Total nitrite was
then analysed by reacling the samples with Griess reagent {1%
sulphanilamide, 0.1% N-( E-naphthyly-¢thylenediamine dihy-
drochloride in 5% N FO speciroquant: Merck, Darmstadt,
Germany). Reacted samples were 1reated with 500 pl of
irichlorvacetic acid {20%). ceniriluged Tor 15 minutes al 2000
4. and the absorbance at 548 nm was tompared with thal of
NaNOQ, standard (0-100 pmold). This method can be used 1o
accurately measure as liule as | pmol of NO; (final
concentration in the assay). Very little of the sample is
requised (5-85 pl for mosi samples).

Neutrophil count, ESR, and acute phuse reactants
analysis

The other part ol the blood samples (2.5 mi) with EDTA ()
mgsml) anticoagulant was used {or the neutrophil counting by
an auwiomated blood counter (Coutter-STKS, Luton. UK). The
ESR was determined by the classic Westergren method. The
other acute phase reactant (u, antitrypsin and a. macrogloby-
liny concentrations were measured in 1he serum by a Behring
nephelometer 100 analvser {Messer Grisheim, Frankfurn,
Gernany)."”

Statistics

Results were expressed as means 15D) and were analysed sia-
tsticaily by using Wilcoxon and (he Mann-Whitney U west as
indicated. p Values below 0.05 were considered 10 be
significant. Siatistical analysis was performed with Statistical
Package for the Social Sciences for Windows (SI'S$ Inc,
version 8.0, Chicago, 11, USA).

RESULTS

Al BD patients included in 1he present study Tullilled (he
stated diagnostiv criterta. Tventy seven of the 43 {62.7%.) had
1he weular type of BIY with chronie intraocular manilesia-
tivns of the discase. All patienis with BB had oral aphthous

stomalitis. Cutaneous lesions were present in 40 patients
(93.0%). Eighty cight per cent of cases {n = 38) had genital
ulceration and articular symploms were found in 35 (81.3%),
Pathergy lest was positive in 23 {53.4%). Nine patienis
(20.9%) complained of neurological symploms and  two
{2.6%) had pastrointestinal complications, ‘Twenty of 43
patients were in the aclive stage whercas the remaining 23
were in the inaclive period.

The averall serum 1Hey levels in patients with BD (15.83
{#.44) ng/ml) were higher than healthy control subjecis {7.96
(2.66} ng/ml) and the difference was significant {p <0.001}.
Serum tHey levels in active subjects (17.79 (3.90) ng/ml} were
also significanily (p = 0.006) higher than in inactive patients
(14.13 {4.23) ng/ml} and contral subjects {p <0.001). In addi.
tion, patients with the acular tvpe of BD) have significanily {p
<0.001) higher 1Hcy levels cumpared with non-ocular BD
subjects (18.25 (4.20) versus 13.53 {(3.34) ngaml; lable 1),

The 95th percentile of 1he 1Hey levels in the control group
was 1240 ag/ml. Of the 43 subjects with BD 34 {79.0%) had
serum iHey levels above the 951h percentile in the control
group. Hyperhomocysteinaemia was present in 25 (95.5%) of
the 27 subjects wilth veular 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 vcclusive discase. Of
titese, vascular narrowing, obliteration, or vein occlusion was
dircetly abserved in 20 patients. The remaining 1o patients
had phihisis bulbi, Taenty of the 22 90,95, subjects with
retinal vasaular occlusive disease had serum ticy levels above
the 95th percentile in the controls,

The overall serum ET1 levels in patients with BD (17.47
(4.33) pmokmiy were signilicantly {p <0.001) higher when
compared with control subjects (5.74 (2.34) pmol/mil). In
addition, aclive and ocutar BD patients also had significamly
higher serum £ | concentrations when compared with those
in inactive stage and non-ocular disease (1917 (3.71) versus
15.99(4.35) pmoliml, p = 0,014: and 1940 {3.02) versus 13,62
(2.48) pmol/ml, p = 0,003, respectively). Overall serum total

reactonts {c, ontilrypsin, u, mocroglobulin)
disease and conlrols

Table 2 Neutrophil count, erythrocyte sedimentation rate, and acute phase
in palients with active or inactive Behcet's

Aclive BD Inactive 8D Heaithy tontrols
In=20) [n=23} In=25)
Mean (50} Moan (5D} Meon {SD)
Neutraphds [10°/ml) Sedl A1)yt 1 6310.70)¢ 2811040
ESR [mm/h) J2EB (8 38} 18 26 [6.15)3 7 48[ 55)
<, onsteypim (mg,/dl) 219 34039 421134 16319 20.42)2 128 64 {i2 15
1, macraglebulin fmg /) 26952 (31 561y 201 89 (28 52)% 185 1112297

ESR crythracyte sedimentotion rore.

Signihicontly different lrom the mactve stage by Wileoxan rest [for cach, p<0.01}
iSgniicantly different rom the controls by Maan-Whaney U 1est fer each, ped 01).
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itrite fevels in BD pauents and control subjects were 37.60
(10.30Y and 27.08 (7.76) pmolsl respeciively and the difference
was significant {p < 0001). Serum ronal nitrite levels for
Behget's patients in active and mactive period were 47,15
(7.96) and 34.52 (10.76) pnioin respectively and the difference
was significani {(p = 0.029), Ocular 8D patients had also sig-
aificamly {p = 0,004} higher 1o1al nitrite levels (42,00 (10.62)
pmold} than non-acular patients (33.40 (748} pmol/l).

The measured acute phase reactants o, antirypsin and a,
macroglobulin, SR and newtrophil coum were increased sig-
niticantly in active patienls when compared with inaclive
patients and contral subjects (Table 2},

DISCUSSION

The must prominent feature of BD is systemic and retinal vas-
culitis with endnthelial dysfunction.” The mechanism for vas-
cular involvement includes arterial and venous thrombosis.”
Although the prevalence of deep venous thrombosis is nat
higher in ocular than ip non-acular  patients, venous
vcclusions are more common than arterial thrombus and pro-
lein § deficiency has been suggested as the pathogenesis for
thromboegenesis. ™ Although many hypatheses have been sug-
Rested as ihe cause ol oblilcrative retinal vasculitis and
thrombosis, the exact actidogy is still unknown.

Hyperhuvmecysteinaemia refers 1o mild to moderate eleva-
uon of tiicy in blood or serum, Althuugh 1he ticy theary was
proposed 25 vears ago, only in the last few vears has extensive
research linked hunocysieinacmia wilh systemic and retinal
vascular occlusive disvase and thrombogenesis during the
course of svsicmic discases, ™ Hey generates superoxide and
hydrogen peroxide, both of which have been linked to
cintethelial damage. I changes cuagulation facior levels so as
e enconrage bloed clot formation with agaregated platelets,™
Clevated thiey Tevel has been shown 1w be a risk Tactor for
myocardial infarction”™ and siroke ™ Some limited studics
showed that clevated tHey may increase the risk of retinal
vascular diseases such as retinal artery and retinal vein
thrombosis aael ocelusjon.» v > Hey induced vascular prob-
e may be mnltifactorial, including direc Hey damage
the endotheliuem, enhanced LDL perexidation, and increased
platelet aggregation by ihe cifects on ihe coagulation
s¥sloim.”

The present study demonsiraved an association betwern
serum ey and B over congrol subjecs. iligher serum tHey
fevels were observed in active patients when compared wih
inactive subjects. T the best of onr knowledue, this investiga-
tion is the first to demonsirate higher serum (Hey concenira-
tons in BD. Compared with both non-vcular patients and
normal control subjects, ocular paticms had significanily
inigher ticy concentrations. This increase in tlcy was associ-
Ated and correlated with the increase in serum EE and NO
fevels tdata nol show NS s el kiown that endihie.
iial amage, venous stasis or ueclusion, and thrombogenesis
have been eatensively documented in e course of BD,* -0
these dindings raise | he tnriguing possibility that hypoxia,
vennus stasis and thrombogenesis may have had an additive
ctlect fur enhanced tHey and ET0 production, and perhaps
account for the differences abserved bemveen 1he clinically
distinet subgroups, Therefore, our results sUpport the sugpes-
tion that ey may be a risk factor for BD buy alse identify it
s arisk dacior [or 1he developmen of seular disease, Further.
HIC e Uy Tevels among ocdar patients with absery ed
et vasococclusion were siwnifivantly hisher than ooujar
e without sy occhusion, stregesting thrambogeneric
tendency for flcy (hay s the main feature when jeseni in
exvess” This supparis gl hypathesis 1l Pey ds anisk factor
b the developiment ol ovalar vaso-ocdusive diseises 1 14§
istenis especially in the exacerbation Periond.

W doined that bt R and 8O are higher in active
discase, Inonr previogs stnly, we have demonsiraed that

warw biophibalmol com
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serum NQ levels are increased in BD and correlated with dis.
case activity," The results of this study for NO confirm our
previous study. Qur preseni findings imply further thar figher
NO levels may be another indicator for ocular discase. The jev-
cls of ET-1 were also significantly higher among patients with
ocular disease in the active stage, and among patients with
vaso-occlusive discase compared with non-ocular patients.
Whether retinal vascular occlusion in patients with BD is
mainly caused by an obliteralive periphlebitis, thrombosis, or
both, remains 10 be specified.

The main factor responsible for (he increased frequency of
thrombosis is 1houghl 10 be enduthelial dysfunciion in BD.*
Vascular endothelium regulates vascular lone by the roles of
bath vasoconstrictor and vasodilator miolecules, In subjects
with endothelial dysfunction, vasodilaror responses are lost,
exacerbaling the vasoconstriclor response. ET-1 is a potent
vasoconstricior peptide produced by vascular endothelium
and participates in inflammation, cellular injury, and vascular
events.” 1L has been demonsirated that many cytokines and
chemokines induce ET1 release by endothelium.” tn addition,
clevated ET1 lovels are a well known marker of vascular
endothelial dysfunction and contribuie 1o ocular pathological
manifestations, promoting retinal capillary closure and
ischacmia.” ¥ In (his Tespect, lannaccone ¢ M have recently
demonstrated that increased circulating ET-1 levels in paticnis
with retinal vein occlusion may be a marker of 1he occlusive
cvent. They suggested that ET2 1 homceosiasis might be relevant
10 retinal vein occlusion pathogenesis and retinal ischaemic
anilestations. Our findings clearly demonsirated that serum
ET I levels were higher in BD, especially in the active period. In
addition, ncular BD patients had significanuly higher £11 lev.
¢ls than non-ocular subjects. Furthermore, serum tHey levels
were correlated with ET1 levels ag all comparisons, Therefore,
these findings suggest that ET1 and tHey may be interrelated
in endothelial cell aciivities in BD. On ihe other hand, NO,
synthesised mainly by the endothelium, is a very important
molecule for the vascular system. Two imporiant functions of
NO are platelet  adhesion inhibition and  endothelial
vasorclaxation.” Since large amounis of NO are refeased as a
FeSPONSeE Lo systemic immunoinﬂammalury diseases, we think
that the increased NO levels found in our BD patients are a
result of inflammatory stimuli, which are the characteristic
fearure of the disease. Some cytukines known 1o be involved in
the upregulation of endothelial cells may be respansible for
the increased NO production, It is possible that increased ET )
levels could directly Lavour vascular retinal occlusions. 1n 1his
process, synthesised ET) may oulweigh the amount of N,
This observation was possibly caused not only by endothelial
cells, but also by polymorphonuclicar leucecytes and macro-
phages found in inflammation since these cells are also known
to be involved in the pathogenesis of BD." 1n addition, since
increased tHey and BT have VASOCONSITICHNE propertics with
atherothrombogenic activity, NO may be increased 1o compen-
sale for these effecis with jis vasadilatory and adhesion
inhibitory properties,

The mechanism of Hey associated vascular thrombosis and
endothelial 1oxicity is not fully understood, Possible mecha-
nisms include promotion of platelet activation and atherogen.
csis by oxidative injury, increased adhesivencss, enhanced
coagulability, and vascutar matriy damage.™ Iportant in 1his
respect is the prominent features of BD inchuding obliterative
retinal  vasculitis and thrombosis, the major cause of
blindness, Likewise, systemic venous occlusion weenrs in
N=10% of all patiems” 1 has been demonstrated that
cuagulation indices including tibrinogen, von Willebrand fac-
tor, and pasntinogen activator activity are increased in B~
but the wnderlying cause of this thrombotic state and he
extent o which it may pramote endotheliog damage ol
perivasculitis remain onknown. Furthermore, the assodiation
ol factor v Lekden, an important mediavor in Herombogenesis,
has aune recently been demonsirated in RO, espedially in oou.
lar discase,” A prevailing hiypothesis is 1hay Hey promotes (he
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dotung caseade via several actions~inactivation of prowein C,
activation of coagulation factor v, increased vascular smooth
muscle cell proliferation, and inhibition of thrombomodulin.*
Therefore, W is plausible that there may be an association
between serum 1licy and BD and our resulls are consisient
with these hypatheses. The high percentage of patients with
bilateral vaso-oncclusive disease who manifested hyperhomo-
cysieinaemia will have 1o be confirmed by other siudics. As a
1esull, they imay be another risk factor for the development of
vascular disease in BD patients, especially in retinal vascular
occlusive disease.

In conclusion, we demonstrated for 1he first time that
serum tHey levels are increased in B and corrclated with dis-
case activity, Likewise, tHey levels wore higher among paticnis
with ocular disease compared with non-ocular disease and
healthy control subjects. In addition, serum IHey levels are
pwsitively correlated with serum ET1 and NO levels at afl
comparisons. Il thrombegenetic events do indeed contribule
1o retinal or systemic vaso-occlusion in BD. and i higher tHcy
levels are responsible for this, anticoagulant therapy and the
iwole of some vitamins, known 10 affect tHey levels, may
warrant investigation. The clinical inference is that measure-
ment, dreatment, and monitoring of tHey levels may be
valuable in the management of hatients with 8D, not only in
active stage but also in thase with ocular disease,
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