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Abstract

Introduction: Behget’s disease is a chronic inflammatory vasculitis present-
ing with immunological and endothelial changes. The aim of the present
study is to evaluate blood levels of diagnostic markers which can be used in
Behcet’s patients with vascular involvement.

Material and methods: Fifty Behget’s patients (22 with vascular involve-
ment) and 30 healthy controls were included in the study. High-sensitivity
C-reactive protein (hsCRP), erythrocyte sedimentation rate (ESR), tumor ne-
crosis factor-a (TNF-a), apolipoprotein Al (apoA1l), apolipoprotein B (apoB),
high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride,
total cholesterol, Lp-plA-2, homocysteine and ischemia modified albumin
(IMA) levels were analyzed. Statistical analysis was performed with the SPSS
program version 11.0. p < 0.05 was accepted as statistically significant.
Results: hsCRP TNF-a, homocysteine, IMA, apoAl, apoB, HDL, Lp-pla2
and ESR levels in patient and control groups were significantly different
(p < 0.001, p = 0.001, p < 0.001, p < 0.001, p = 0.005, p < 0.001, p < 0.001,
p < 0.001 and p = 0.003 respectively). In Behget’s patients with vascular in-
volvement, homocysteine, TNF-a and Lp-pla2 levels were significantly higher
than in Behget’s patients without vascular involvement (p = 0.035, p = 0.010
and p < 0.001 respectively).

Conclusions: Increased levels of inflammatory and atherogenic markers in
Behget’s patients are an expected outcome due to the inflammatory nature
of the disease. Especially, elevated levels of homocysteine, TNF-a. and Lp-
pla2 make them candidate diagnostic tools to be helpful in clinical evalua-
tion of Behget’s disease patients with vascular involvement.

Key words: Behget’s disease, inflammation, vascular involvement,
atherosclerosis.

Introduction

Behget’s disease (BD) is a chronic, multisystemic disease characterized
by recurrent acute inflammatory attacks. The disease is accompanied by
mucocutaneous, ocular, articular, vascular and neurological involvement
along with involvement of all other organ systems. Although the exact
etiology of the disease is still unknown, three major pathophysiological
changes involved in BD are neutrophil hyperfunction, vasculitis and the
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autoimmune response [1-3]. Clinical examination
is still the major component in diagnosis as a con-
sensus has not been reached in terms of common
histological, radiological and laboratory findings
presented in BD patients [4]. Endothelial damage
has a key role in the pathogenesis and immuno-
pathology of BD as it causes the extravasation of
leukocytes and other blood components. Focal lip-
id deposition is known to take place in the arterial
intima layer as a result of endothelial dysfunction.
The inflammatory process also includes major im-
mune system cells.

Tumor necrosis factor-a (TNF-a) is a lympho-
kine primarily released from activated monocytes
and macrophages. This pro-inflammatory cytokine
has also been shown to take place in BD pathogen-
esis by affecting lipid metabolism as it causes en-
dothelial nitric oxide regeneration and increased
circulating levels of non-esterified fatty acids. Ox-
idative stress and atherogenic dyslipidemia are
known to have a synergistic effect on atheroscle-
rosis and cardiovascular disease progression. The
underlying pathogenesis of most clinical findings
in BD has proven to be vasculitis [5-8].

The enzyme lipoprotein-associated phospho-
lipase A2 (Lp-pla2) is a member of intracellular
and secretory phospholipases as it hydrolyses the
phospholipid ester bond of cellular membranes
and lipoproteins. Lp-pla2 is formed in atheroscle-
rotic plaques by macrophages and foamy cells,
and its major association in blood is with LDL cho-
lesterol. Being a specific marker of inflammation
in the vascular cluster and having low biological
variation, Lp-pla2 can be considered as a candi-
date marker for cardiovascular and vascular in-
volvement in BD patients [9].

As atherosclerosis is considered as an inflam-
mation-mediated process causing focal lipid accu-
mulation in vessel walls by complex interactions
between leukocytes and platelets, the role of se-
rum lipids and lipoproteins is significant in this
inflammatory process. Apolipoproteins are one
of the major components of lipoproteins, apoli-
poprotein B (apoB) is found atherogenic lipopro-
teins like low-density lipoprotein (LDL) and very
low-density lipoprotein (VLDL), while apolipopro-
tein Al (apoAl) is found in the structure of the
anti-atherogenic cholesterol high-density lipopro-
tein (HDL). That is why an increase in apoB/apoAl
ratio is considered to be related to progression of
cardiovascular disease and a tendency for athero-
sclerosis [10, 11].

C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR) are non-specific systemic in-
flammation markers. High-sensitivity CRP (hsCRP)
is known to be synthesized in the vascular en-
dothelium and also atherosclerotic plaques and
higher hsCRP plasma concentration is thought be

a cause of atherosclerosis. As its levels are also
elevated in subclinical inflammation, hsCRP testing
is recommended for both determining individuals
with cardiovascular disease (CVD) development risk
and CVD prevention (treatment complications and
evaluation of treatment efficacy). hsCRP is routinely
used for individual cardiovascular risk assessment
and its combined usage with lipid profile, lipopro-
teins and other cardiovascular risk markers such as
Lp-pla2 gives a better evaluation of cardiovascular
risk [12, 13].

Ischemia modified albumin (IMA) is “N-termi-
nal modified albumin” in which albumin’s capaci-
ty to bind heavy metals such as cobalt and nickel
is reduced. Although IMA was initially defined as
a marker for myocardial ischemia, recent studies
have shown that IMA can be related to oxidative
stress with or without coronary ischemia [14, 15].

Homocysteine is a sulfur-containing derivative
of methionine and is produced in all cells through
the normal methylation process of this essen-
tial amino acid. Homocysteine is known to have
various effects on vascular cells such as reducing
nitric oxide release from endothelial cells, produc-
ing superoxide and hydrogen peroxide, increasing
reactive oxygen species and enhancing thrombox-
ane A2 formation in platelets. Increased levels of
the endogenously synthesized amino acid homo-
cysteine is also known to take place in formation
of oxidized LDL, which has important role in ath-
erosclerosis. Additionally, homocysteine increases
blood viscosity, which in turn causes risk of throm-
bus formation [16, 17].

Vasculitis is the main pathological finding in
BD. This disease is unique among vasculitides as
it has a significant thrombotic tendency associat-
ed with vascular inflammation. Almost 40% of BD
patients, the majority of them being young males,
are known to have vascular complications. Vascu-
lar involvement is a major cause of mortality and
morbidity and is diagnosed by imaging evaluated
together with clinical signs [18, 19]. Despite the
detailed knowledge on different mechanisms of
vascular inflammation at the molecular level, no
specific laboratory markers have yet been demon-
strated to be related to vascular involvement in BD.

Various inflammatory laboratory markers have
proven to be helpful in follow-up of BD patients. But
as the disease basically progresses as a vasculitis,
the atherogenic processes occurring in the vascu-
lar endothelium gains much importance in disease
progression. As vascular involvement is an import-
ant cause of morbidity in BD patients, it is of critical
importance to find candidate laboratory markers
for vascular BD patients. The present study aims
to evaluate blood levels of diagnostic laboratory
markers which can be used in routine follow-up of
Behget’s patients, but the major goal of the study is
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to discover inflammatory and/or atherogenic labo-
ratory markers to discriminate between BD patients
with and without vascular involvement.

Material and methods
Study population

Fifty patients with BD according to the Interna-
tional Study Group criteria [20] and 30 age- and
sex-matched healthy controls were included. Pa-
tients and controls were excluded if they had one
of the following combined diseases/situations:
1) concomitant autoimmune or autoinflammatory
disease; 2) acute or chronic infection; 3) malignan-
cy; 4) systemic diseases such as diabetes mellitus
and heart failure; 5) pregnancy or postpartum
6 months. Twenty-two out of 50 Behget’s patients
had vascular involvement. Twenty-seven out of
50 patients were active and 23 were inactive.

Demographic features and clinical characteris-
tics were recorded. Disease activity was assessed
with the Turkish version of the BD Current Activity
Form (BDCAF) [21]. The items of this activity in-
clude headache, oral ulcers, genital ulcers, erythe-
ma, skin pustules, arthralgia, arthritis, intestinal
involvement, new eye involvement, new nervous
system involvement, and vascular involvement
(venous thrombosis and/or arterial aneurysms).
The BDCAF score was calculated by adding up the
scores on each item and ranged from O to 12. Med-
ical approval for the study protocol was given by
the Ethics Committee of Ankara Numune Training
and Research Hospital with the approval number
1461/2017. The research protocol complies with
the 2000 Declaration of Helsinki and written in-
formed consent was obtained from all participants.

Laboratory analysis

Venous blood samples were collected from the
participants after 12 h of fasting and were centri-
fuged at 1500 g for 10 min. Separated sera were
aliquoted into Eppendorf tubes and stored at
—80°C until the time of analysis.

Serum levels of TNF-a and Lp-pla2 were detect-
ed with a commercial ELISA (double antibody sand-
wich ELISA method) test kit (DiaSource Immuno-
Assays S.A., Belgium and BlueGene Comp, Hong
Kong respectively) according to the manufacturers’
protocol. HDL, cholesterol, triglyceride and homo-
cysteine measurements were made with the enzy-
matic colorimetric method, and LDL was calculated
according to the Friedewald formula.

Apolipoprotein B, apoAl and hsCRP values were
detected with the immunoturbidimetric method.
ESR was studied with the Westergren method.

Ischemia modified albumin was measured with
Bar-Or et al.’s colorimetric method [22] and the re-
sults were given in absorbance units (ABSU). The

corrected IMA formula (individual serum albumin
concentration/median serum albumin concen-
tration of the population) x IMA ABSU value was
used as the final expression of IMA levels [23].

Statistical analysis

Statistical analysis was performed with the
program SPSS version 11.0 for Windows (SPSS
Inc., Chicago, IL). The variables were investigated
using visual and analytical methods to determine
whether or not they are normally distributed.
Normality tests were made with the Shapiro-Wilk
test. Normally distributed continuous values were
expressed as mean + SD and categorical variables
as numbers and percentages. Non-normally dis-
tributed parameters are reported as medians with
interquartile range (IQR). Between-group compar-
isons were made with ANOVA for normally distrib-
uted variables and with the Kruskal-Wallis test for
non-normally distributed variables. P < 0.05 was
accepted statistically significant.

Results

The demographic features of patient and con-
trol groups are shown in Table | and clinical fea-
tures of BD patients are shown in Table Il. hsCRP
TNF-a, homocysteine, IMA, apoB/apoAl, Lp-pla2,
ESR and HDL levels in patient and control groups
were significantly different (p < 0.001, p = 0.001,
p < 0.001, p < 0.001, p < 0.001, p < 0.001, p = 0.003
and p < 0.001 respectively) (Table lll). In Behget’s
patients with vascular involvement, homocyste-
ine, TNF-a and Lp-pla2 levels were significantly
higher than in Behcet’s patients without vascular
involvement (p = 0.035, p = 0.010 and p < 0.001
respectively) (Table IV). No statistically significant
difference was found in levels of LDL, total choles-
terol and triglyceride between patient and control
groups. There was no difference in ESR levels be-
tween patients with and without vascular involve-
ment, but ESR levels of these two groups were in-
dividually different from ESR of the control group.
When these parameters were evaluated in patient
and control groups due to disease activity, no sig-
nificant difference was found in any of them ex-
cept total cholesterol (p = 0.026) (data not shown).

Table I. Demographic features of Behget’s disease
and control groups
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Parameter Behget’s disease ~ Control group
group
Age [years], 39.249.2 41.5+11.0
mean + SD
Gender, n (%):
Male 33 (66) 18 (60)
Female 17 (34) 12 (40)
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Discussion

Neutrophil hyperfunction, vasculitis and auto-
immune response are the three major pathophysi-

Table Il. Clinical features of patients with Behget’s

disease
Parameter Values
Age at diagnosis [years], 31.5 +4.6
mean = SD
Disease duration [months], 95.8 (72.3)
median (IQR)
Active disease, n (%) 27 (54)
BDCAF, median (IQR) 2.0 (0.0-3.0)

Disease manifestations ever presented by Behget’s
disease patients, n (%):

Oral ulcers 50 (100)
Genital ulcers 39 (78)
Erythema nodosum 24 (48)
Papulopustular lesions 31 (62)
Positivity of pathergy test 11 (22)
Arthritis 21 (42)
Uveitis 20 (40)
Vascular involvement: 22 (44)
Venous thrombosis 21 (95.5)
Arterial aneurism 1 (4.5)
Gastrointestinal system 1(2)
involvement
Pulmonary aneurism 1(2)

ological changes that play an important role in BD
pathogenesis [2]. Vascular and cardiac complica-
tions in BD are brought by atherosclerosis. How-
ever, there is a limited number of studies evalu-
ating atherosclerosis and its relationship with BD,
which remains in dispute [24, 25]. Besides being
an aspect of chronic inflammatory diseases, oxi-
dative stress is also defined to be an independent
factor related to vascular wall dysfunction, even
in patients who do not have any clinical signs of
atherosclerosis [26]. In BD patients, most of the
atherogenic, inflammatory and oxidative stress
markers have been evaluated in different studies
which basically compared levels of these markers
in active and inactive patients [27-30]. In the cur-
rent study, we evaluated lipids, lipoproteins, and
various inflammatory and atherogenic param-
eters in BD patients with and without vascular
involvement, as most of the atherogenic process
takes place in the vessels, to give a general per-
spective of laboratory parameters in BD patients,
especially to highlight vascular involvement.
Lower HDL levels in BD patients than healthy
controls were observed. No significant difference
was found between levels of LDL, triglyceride and
total cholesterol in patient and control groups. No
difference between blood lipid levels of healthy in-
dividuals was found in previous studies but Orem
et al. found lower levels of blood lipids in active
BD patients, suggesting a protector mechanism
against atherosclerosis [29]. In our study, lower
HDL levels in Behget’s patients may be accepted
as a predictor of vulnerability to atherosclerosis.
An increase in apoB/apoAl ratio has been
shown to be associated with cardiovascular dis-
ease progression. An increased ratio of apoB/

Table IlI. Serum levels of laboratory parameters among patient and control groups

Parameter Patients with Healthy controls P-value
Behget’s disease
IMA (ABSU) 0.53 £0.073 0.43 +£0.077 < 0.001
hsCRP [mg/l] 6.54 (9.83) 0.90 (1.36) < 0.001
TNF-a [pg/ml] 8.67 (21.62) 2.56 (3.52) 0.001
Homocysteine [umol/l] 11.82 (4.61) 9.63 (4.13) < 0.001
HDL [mg/dl] 41.16 +8.88 49.5 +8.6 < 0.001
LDL [mg/dl] 105.5 £33.0 102.6 £23.9 0.98
Triglyceride [mg/dl] 119.5 (54) 108.0 (59) 0.15
Total cholesterol [mg/dl] 155.0 (54) 148.5 (50) 0.10
ApoB/apoAl 0.84 (0.42) 0.59 (0.23) < 0.001
Lp-pla2 [ng/ml] 462.5(178.5) 255.5(139.2) < 0.001
ESR [mm/h] 13.5 (20.25) 6.0 (7.25) 0.003

IMA — ischemia modified albumin, hsCRP — high-sensitivity C-reactive protein, TNF-a. —tumor necrosis factor-o, apoB/apoA1 - apolipoprotein
B/apolipoprotein A1, Lp-pla2 — lipoprotein-associated phospholipase A2, ESR — erythrocyte sedimentation rate.
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Table IV. Differences in serum levels of laboratory parameters according to vascular involvement

Parameter Patients without Patients with Healthy controls P-value* P-value** P-value***

vascular vascular (n =30)

involvement involvement

(n = 28) (n=22)
ESR 16.0 (9.2) 30.0 (8.5) 12.0 (2.0) 0.053 0.096 < 0.001
IMA 0.51 £0.07 0.55 +0.08 0.43 +0.07 0.160 < 0.001 < 0.001
hsCRP 10.9 (5.1) 26.3 (9.7) 5.5 (4.6) 0.052 < 0.001 < 0.001
HDL 40.8 £8.5 41.5 £8.5 49.5 +8.6 0.950 0.001 0.006
Hey 11.60 (3.59) 12.52 (7.84) 9.61 (12.67) 0.035 < 0.001 < 0.001
ApoB/apoAl 0.80 (0.42) 0.94 (0.42) 0.59 (0.23) 0.143 0.001 < 0.001
Lp-pla2 407 (160) 589 (165) 255 (139) < 0.001 < 0.001 < 0.001
TNF-o 2.9 (18.8) 18.1 (25.3) 2.5 (3.6) 0.001 0.110 < 0.001

ESR — erythrocyte sedimentation rate, IMA — ischemia modified albumin, hsCRP — high-sensitivity C-reactive protein, apoB/apoAl —
apolipoprotein B/apolipoprotein A1, Lp-pla2 — lipoprotein-associated phospholipase A2, TNF-o. — tumor necrosis factor-a. *Difference
between patients with and without vascular involvement, **difference between patients without vascular involvement and healthy
controls, ***difference between patients with vascular involvement and healthy controls.

apoAl has been found in previous studies in
chronic illnesses such as diabetes, coronary artery
disease and some chronic inflammatory diseases
including RA [10, 11, 30]. There are no previous
studies in the literature evaluating apoB/apoAl
ratio in Behget’s patients. Our study is the first
one to emphasize the increased ratio of apoB/
apoAl in Behget’s patients. No differences were
found between patients with and without vas-
cular involvement. This finding is also consistent
with our finding of decreased HDL levels in the
patient group as it supports the tendency for ath-
erogenicity.

Erythrocyte sedimentation rate is a conven-
tional and non-specific marker of inflammation.
So our findings of higher ESR levels in BD patients
than in controls is an expected outcome. When
we compared ESR values according to vascular in-
volvement, we only found a statistically significant
difference between BD patients with vascular in-
volvement and the control group, which may point
to a higher level of inflammation in the vascular
group.

The TNF-a. is one of the most well-known proin-
flammatory cytokines and it has been extensively
studied in a wide range of inflammatory diseases.
TNF-a’s effects on lipid metabolism may cause gen-
eration of nitric oxide to increase circulating levels
of non-esterified fatty acids. TNF-a is known to
be one of the major cytokines to play role in BD
pathogenesis. Its effect on patients is well known
and TNF-a blockers are used in treatment of BD
patients with vascular involvement [5-7, 31]. The
observation of higher TNF-a. levels in BD patients
than in the control group was an expected out-
come. Additionally, TNF-a levels were higher in BD
patients with vascular involvement. None of our pa-

tients were receiving anti-TNF-a treatment, so our
results are not affected by medication usage. Our
results also suggest that TNF-a can be a laboratory
marker of vascular involvement in BD patients.

Being a well-known acute phase reactant, CRP
actively regulates the innate immune system. It
is also considered to be a serum biomarker for
chronic inflammation. CRP activates the classical
complement pathway and inactivates the alterna-
tive pathway which is accepted as a risk factor for
atherosclerosis. In recent studies, CRP and espe-
cially hsCRP were suggested as strong predictors
of inverse cardiovascular events leading to myo-
cardial infarction, being a major marker and me-
diator for atherosclerosis. Therefore it is expected
that hsCRP levels are exacerbated in Behcet’s pa-
tients compared to controls [32-34].

As oxidative stress and atherogenic dyslipid-
emia have a synergistic impact on atherosclero-
sis and CVD, Lp-pla2, being an enzyme involved
in degradation of platelet activating factor (PAF),
is accepted as an independent risk factor for
CVD. In addition to hsCRR Lp-pla2 has a signif-
icant role in indicating vascular inflammation
and atherosclerotic plague formation. Orem et
al. investigated Lp-pla2 levels in BD patients and
found that it is significantly higher in active BD
patients [9, 29]. In our study we also found high-
er Lp-pla2 levels in BD patients than in the con-
trol group. Also in the vascular BD group, Lp-pla2
levels were significantly higher than in patients
without vascular involvement (Table 1V). No previ-
ous studies in BD patients have emphasized this
difference in the vascular group. Our study can
be considered as a preliminary study that sug-
gests evaluation of Lp-pla2 levels in BD patients
with vascular involvement. Generally accepted
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as an oxidative stress biomarker, IMA has been
extensively studied recently [24]. Elevated se-
rum levels of IMA in patients with BD were also
demonstrated in previous studies. Capkin et al.
reported significantly higher IMA levels in BD
patients with vascular complications compared
to patients without [28]. In our study, we found
elevated IMA levels in BD patients compared to
the control group. However, we did not find any
significant difference between IMA levels of BD
patients with and without vascular involvement.

Hyperhomocysteinemia (HHCY) is thought to
lead to atherosclerosis by causing peroxidation of
lipids, impairing vasomotor regulation, and caus-
ing vascular endothelial injury. HHCY is assumed
to be an independent risk factor for coronary arte-
rial disease, cerebrovascular disease and venous
and arterial thrombosis. It has also been suggest-
ed as a risk factor for venous thrombosis in BD
patients. Several studies have investigated HHCY
in BD patients; they all found higher levels of ho-
mocysteine in BD patients. Ozkan et al. reported
that HHCY is seen in active BD patients. Our data
also agrees with these previous findings [16, 35].
Feki et al. found no relationship between vascu-
lar involvement and HHCY in BD patients [36]. In
contrast, in our study in the vascular BD group,
we found a statistically significant difference in
homocysteine levels compared to patients with-
out vascular involvement. This might suggest ho-
mocysteine as a marker of vascular involvement.
When we compared the patients in terms of dis-
ease activity, we did not find any significant differ-
ence between active and inactive patients in any
of these parameters (data not shown).

The major goal of the present study was to find
candidate laboratory markers for discrimination
between BD patients with and without vascular
involvement. Our results revealed three candidate
atherogenic/inflammatory markers to be used for
this purpose, which are TNF-a,, Lp-pla2 and homo-
cysteine. These findings confirm the basic hypoth-
esis of our study of seeking laboratory parameters
to be used in discrimination of BD patients with
vascular involvement.

The present study has some limitations, the
first being the relatively small sample size. Also
the data were obtained from a single center, so
it was not possible to avoid patient selection bias
completely.

In conclusion, this study can be considered as
a pioneer study as it cumulatively evaluates lipids,
lipoproteins, and various biomarkers of inflamma-
tion, oxidative stress and atherogenicity especially
in patients with vascular BD. Especially in discrimi-
nating between BD patients with and without vas-
cular involvement, this study draws attention to the
biochemical markers TNF-a, Lp-pla2 and homocys-

teine. As these three are elevated more in patients
with vascular involvement, they might be used as
potential laboratory markers of CVD risk evaluation
in BD patients, along with clinical findings.
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