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INTRODUCTION

Vasculitides are a group of diseases characterized by inflammation and destruction of blood
vessel wall during the disease course. The disease itself exhibit non-specific signs and symptoms
as well as differences in patho physiology, vessel involvement, and demographics [1]. Complexity
of the disease related to the structural and function of the vessel, the tissue, and the associated
microenvironment involved in the disease [2]. Behget’s syndrome (BS) is a vasculitides, which
is also characterized numerous systemic manifestations, including oral aphthous ulcers, skin
lesions, ocular diseases, neurologic diseases, rheumatologic diseases, gastrointestinal disease and
genital ulcers. These clinical manifestations of BS are present mainly due to the inflammation of
the blood vessels and it is known for its ability to affect both, arteries and the veins. However,
the etiology of BS is only partially understood, and previous studies have demonstrated a role of

genetic and epigenetic factors contributes to disease pathophysiology.
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PATHOPHYSIOLOGY OF BEHCET’S SYNDROME

Several studies indicates that the pathophysiology of BS is associated with the activities of T
cells and monocytes, sometimes stimulated by seat shock proteins and streptococcal antigen [3].
Cellular activation and alterations in the numbers of T cell subpopulations are evident in BS [4].
In the pathogenesis of BS, auto-reactive T cells play a critical role in depletion of lymphocyte by an
anti-CD52 monoclonal antibody (CAMPATH-1H) [5]. Furthermore, during disease exacerbations
adenosine deaminase, which is an enzyme involved in lymphocyte proliferation, maturation, and
differentiation, is activated in Behcet's syndrome [6,7].

Th1 lymphocytes were found to be increased in patients with BS [8-11]. Few studies have
also shown that the serum levels of IL-8 and IL-12, and TNF-a receptors correlate with disease
activity and progression [12,13]; in contrast, one study reported an increased production of these
cytokines regardless of disease activity [14]. Elevated levels of IL-6, IL-8, IgA, C3, C4, and TNF-a
were reported in patients with active ocular Behcet's. Elevated levels of IL-16 in cerebrospinal
fluid have been reported in BS patients with active neurological disease and might be used as a
marker of disease activity [15]. Furthermore, increased IL-8, IL12, monocyte chemo-attractant
protein 1 and interferon-gamma were observed in patients with active Behcet's compared with
healthy controls. However, IL-4 and IL-13 levels were not increased [16]. Increased expression of
IL-23 mRNA has also been described in erythema nodosum-like lesions seen in BS [17].

Although T helper (Th) 1 predominantly responds in Behget’s, but some studies have also
shown evidence for a Th2 response. There might be a combination of both Th1 and Th2 activity
in this disease [8,18]. Mononuclear cells in peripheral blood obtained from patients with BS
showed an increased amounts of IL-4, 10 13 [9,10,19]. Further, analysis of T-cell subpopulations
in BS showed relative increase in the CD8:CD4 ratio, with a relative reduction in percentage of
suppressor T cell subpopulation, particularly in patients with active disease. Levels of CD30 were
found elevated in Behcget’s patients with active disease. CD30, released from CD4+ Th2 cells, are a
known marker of Th2 activity. Overall, Th2 might have an impact on disease course and severity,
Th1 might be involved in the disease’s active phases [20]. Furthermore, Th17 cells were found to
be increased in active phase of BS and might be the reason of the apparently conflicting findings
regarding Th1 and Th2 activity in this disorder [21,22].

Flow cytometric analysis of the aqueous humor obtained from the uveitis patients showed
elevated levels of CD4+ and CD8+ T cells [23,24]. Th1 cytokines were also elevated in the aqueous
humor and serum of the BS patients [25]. Ocular fluid from Behcet’s patients with active uveitis
demonstrated inflammatory cytokines, such as interferon, TNF, IL-2, IL-6, and IL-17. Activated
CD4+ T cells in ocular fluid produced a large amount of TNF and IL-17. And this production was by
the treatment with infliximab [26]. Synovial fluid in BS demonstrated lower levels of inflammatory
cytokines compared to patients with rheumatoid arthritis [27]. Also, bronchoalveolar lavage from
patients with Behcet's pulmonary disease shows higher levels of IL-18 and interferon-gamma
before and after LPS stimulation than in controls.
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Autoimmune activity against retinal self-antigens appears to be important in the pathogenesis
of Behcet’s uveitis [28]. A Retinal-S antigen is localized to the photoreceptor of the retina, and
has been shown to be a potent uveitic autoantigen [29]. Peripheral blood S-antigen responsive
lymphocytes are elevated during exacerbations of ocular inflammation in Behget's patients
[30]. There are a number of molecules known to mediate endothelial dysfunction in BS. Various
studies have documented the role of Nitric oxide (NO), a highly reactive molecule associated
with inflammatory activity, in endothelial activation in BS [31-33]. Polymorphisms of endothelial
NO synthase genes have been associated with increase susceptibility to BS [34]. Elevated levels
of symmetric dimethylarginine (ADMA), an endogenous inhibitor of NO synthase, have been
observed in Behcget's [35]. Vascular endothelial growth factor levels are higher in patients with
Behget's and have been associated with increased disease activity and NO concentrations [36-
38]. Cerebrospinal fluid VEGF levels were higher in a group of Behget’s patients with neurological
involvement compared with patients with non-inflammatory neurological diseases [39].
Polymorphisms of the VGEF gene are associated with Behget’s, but not in all populations [40,41].

Endothelial cell activation and a generalized hypercoagulable state were observed in many
Behcet’s patients. Thrombin formation is increased, and fibrinolysis is decreased [42]. Lower
activated protein C (APC) and soluble thrombomodulin concentrations in the plasma of patients
with Behcet’s syndrome have been observed. Thrombomodulin, present on the endothelial cell
surface, binds thrombin, and the substrate specificity of thrombin thus bound is changed so that
it preferentially activates protein C rather than cleaving fibrinogen. The APC generated at the
endothelial surface is an important inhibitor of coagulation.

The findings of significantly decreased mean concentrations of plasma APC among 39 Spanish
patients with Behget's syndrome versus healthy controls, and of lower levels of APC among
patients with Behcet's syndrome who had a prior thromboembolic episode versus those who had
not, suggest that an acquired deficiency of APC in Behget's syndrome may contribute to the risk
of thrombosis [43]. Platelet activity is increased in Behget’s patients [44]. Studies have shown
decreased erythrocyte deformability in Behget's [45]. Tissue-type plasminogen activator levels
are lower in patients with deep venous thrombosis who have Behget’s than in those who do not
have Behget's; this suggests a defect in fibrinolysis in Behget’s [46].

Thrombophilic factors such as factor V Leiden and prothrombin G20210A gene have not been
linked to Behcet'’s,although Behget's patients with coexisting thrombophilicfactors maybeathigher
risk for thrombosis [47]. Levels of the fibrinolytic inhibitors thrombin-activatable fibrinolysis
inhibitor (TAFI) and plasminogen activator inhibitor-1 (PAI-1) were higher in Behget’s patients
than in controls, particularly in those patients with thrombosis [48]. However, the majority of
available evidence suggests that the pathogenesis of thrombosis in Behcet’s is probably not due
to a hypercoagulable state but rather to vascular damage induced by inflammation or intrinsic

endothelial dysfunction that, by itself, may serve as a source of thrombogenic stimuli [49].
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In Behget's syndrome, PMN motility is increased. Cell surface markers indicative of activation,
such as CD64, are increased in patients with active disease to levels similar to those of patients
with sepsis [50]. PMNs exhibit increased motility and enhanced adhesion to endothelial cells in
vitro, a property due, in part, to increased expression of cell surface receptors including CD11a,
CD18, and ICAM-1 [51]. Neutrophil binding to the endothelium is also facilitated by up regulated
surface expression of adhesion molecules such as E-select in. Increased E-select in on the luminal
surface favors neutrophil adhesion and facilitates neutrophil migration into the wall of the
affected vessel and beyond [52].

Measurements of serum-soluble levels of this activity have been observed. Serum-soluble
ICAM-1 is increased in patients with Behcet's syndrome, and the concentration may correlate
with disease activity [53]. The serum of patients with active Behget’'s syndrome may promote
increased E-select in presentation [23]. Some of this may be due to anti-endothelial antibodies
[54]. Serum-soluble levels of select in have been shown to be elevated in patients with active
untreated disease but not if it is treated or inactive [55]. A study of patients with Behget’s retinal
vasculitis showed elevated levels of soluble E-select in, s-ICAM-1, and Interferon-beta. In vitro
studies showed that these were produced by activated retinal vascular endothelial cells and that
this could be inhibited by pretreatment with anti-Toll-like receptor 3 [56].

The protein actin is required for PMN mobility. The presence of high levels of a truncated
actin with an N-terminus of Met-44 has been observed in neutrophils from Behget’s patients;
PMN-elastase responsible for this cleavage has been isolated. Resulting altered PMN activity has
been described [57]. Increased amount of reactive oxygen species suggest neutrophil mediated
immunity [58]. Endogenous free radical scavenging enzymes appear to be reduced in Behget’s,
creating an imbalance in the oxidant antioxidant equilibrium [7].

Serum granulocyte colony-stimulating factor (G-CSF) levels and neutrophil apoptosis
are increased in active Behcet's patients compared with controls [59]. Markers of neutrophil
activity have been proposed as possible indicators of disease activity and severity. These include
polymorph nuclear elastase, plasma myeloperoxidase, and advanced oxidation protein products
[60]. Matrix metalloproteinases play a role in leucocyte invasion of the central nervous system.
Elevated levels of matrix metalloprotein-9 have been described in Behget’s patients compared
with controls, and levels correlated with CSF neutrophil and mononuclear cells in a study of
Behcet’s patients with neurologic disease [61].

GENETIC PREDISPOSITION ASSOCIATED WITH BEHCET’S
SYNDROME

Increased risk of developing Behget's syndrome is associated with the presence HLA-B51,
a human leukocyte antigen. A meta-analysis of 4800 cases and 16,289 controls has shown a
significant increase in the risk of HLA-B51/B5 carriers to develop Behget's syndrome compared

with non-carriers (pooled odds ratio of 5.8) [62]. This relationship was consistent across multiple
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geographic locations, including Eastern Asia, Middle East/North Africa, Southern Europe, and
Northern/Eastern Europe, but insufficient data were available for analysis of North American
studies.

A higher than baseline prevalence of HLA-B51 has been found in Behget’s patients from Italy
(odds ratio of 5.9), Germany, Middle Eastern and Far Eastern countries (63 versus 9 percent in
controls), of HLA-B52 (21 versus 9 percent) in Israel, and of HLA-B57 in the United Kingdom
[1,63]. HLA-B5101 and, to a lesser extent, HLA-5108 alleles have been most closely linked in
patients along the Silk Road [9]. Other HLA alleles may increase (HLA-B15, HLA-B27, HLA-B57,
HLA-26) or decrease (HLA-B49, HLA-A03) the risk for Behget’s in various populations and in men
and women [64]. However, the HLA contribution was estimated to be less than 20 percent in one
study [63].

There may also be a genetic contribution to disease severity. Presence of a HLA-B51 allele has
been associated with worse disease in several studies [1,65]. Several possible mechanisms for the
genetic linkage to HLA-B51 includes, alterations in the B pocket of the antigen-binding groove by
HLA-B51 [66], cross-reactivity between HLA-B51 and organ-specific antigens [67], and linkage
disequilibrium with other disease-associated genes [68].

Though most cases of Behcet’s are sporadic, families with multiple affected members, known
as familial clustering, have been reported, and having a first-degree relative with Behget’s does
increase risk for the disease [69]. HLA-B51 rates are higher in familial than in sporadic cases.
Affected children of patients with Behget’s syndrome show genetic anticipation [70]. A triplet
repeat microsatellite polymorphism of a tri-nucleotide repeat (GCT) was found within a major
histocompatibility complex (MHC) Class I related gene in a study on Japanese patients [71].

Non-HLA genes also play arole in determining susceptibility to disease. Genome-wide screening
of affected families with more than one affected member has identified additional, non-HLA
regions of potential interest [72]. Associations between Behcet’s syndrome and polymorphisms
of the following genes have been reported.

1. The intercellular adhesion molecule (ICAM)-1 gene,

N

The endothelial nitric oxide synthase gene,

w

TNF genes,

The vascular endothelial growth factor (VEGF) gene,
Manganese superoxide dismutase gene,

Cytochrome P450 gene,

Endoplasmic reticulum amino peptidase 1 (ERAP1) gene,

©® N o U os

The interleukin (IL)-10 genes,

9. The IL-23 receptor gene.
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Furthermore, disease activity correlates with a pro-inflammatory shift in peripheral T cell
populations featuring the expansion of both Th17 and Th22 subsets and a reduction in Tregs [73].
Dysregulation in miRNAs mediating immune response pathways and effector cell development
may be involved in these population shifts. In a recent study by Zhou et al., active uveitis in BD
patients of Han Chinese descent was associated with downregulation of miR-155 expression in
both PBMCs and monocyte-derived dendritic cells (mc-DCs) [74]. In addition, the overexpression
of miR-155 in transfected DCs was shown to down regulate pro-inflammatory IL-6 and IL-1f3
while increasing anti-inflammatory IL-10. Further, miR-155 expression in DCs was inversely
related to IL-17 production in allogeneic CD4+ T cells. Previous studies have shown that miR-
155 also modulates inflammatory responses in DCs through its role in a negative-feedback loop
that controls TLR/IL-1 signaling [75]. In contrast, miR-155 was shown to promote differentiation
of pro-inflammatory Th17 and Th1 T cell subsets in other forms of autoimmunity, such as
experimental autoimmune encephalitis models [76]. This suggests that miR-155 might have
pleiotropic and heterogeneous effects on disease pathogenesis influenced by the nature of the

predominant immune response.

The function of miRNAs can be influenced by genetic variants located in or around pre-miRNA
or within target mRNA binding sites [77]. This form of miRNA dysregulation was demonstrated
in Han Chinese BD patients in miR-146a/rs2910164, miR-196a2/rs11614913, and miR-182/
rs76481776. In the first study, BD was associated with variant rs2910164 within miR-146a, a
key regulator of the type I interferon pathway [78]. Healthy individuals with the homozygous risk
allele for miR-146a/rs2910164 had increased miR-146a expression and increased serum levels of
pro-inflammatory cytokines IL-1f3, IL-17, and TNF-a. In another study, a variant in the pre-miRNA
region of miR-196a2, rs11614913, was associated with BD, as well as arthritis in BD patients [79].
The homozygous risk allele was associated with decreased expression of miR-196a, increased
PBMC production of IL-1 and MCP-1, and increased expression of the miR-196a target gene
BACH1, a transcriptional repressor of the anti-inflammatory heme oxygenase 1 (HO-1) enzyme
which protects against oxidative stress [80]. In the third study, BD was associated with variant
rs76481776 in a pre-miRNA region of miR-182, an IL-2-induced miRNA that is a critical switch in
T-reg differentiation [81]. In healthy individuals with either the homozygous or heterozygous risk
allele, miR-182 expression was increased in CD3/CD28-stimulated CD4+ T cells. Combined, these
BD-associated genetic variations in miRNA genes were shown to promote a disease phenotype
involving increased production of pro-inflammatory cytokines and a decreased expansion of anti-

inflammatory T-reg cells.

EPIGENETIC PREDISPOSITION ASSOCIATED TO BEHCET’S
SYNDROME

Epigenetics is the study of stable and heritable changes in the function of genes which occur

without altering the DNA sequence and include DNA methylation, his tone modification, and
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microRNAs [82]. These epigenetic modifications can be stable to maintain the specific lineage
of cells or dynamic to respond to developmental and environmental signals. Alterations in the
epigenetic state of the cell can lead to aberrancies in phenotype which are then passable to
daughter cells. The most extensively studied epigenetic mechanism is DNA methylation, a stable
modification that commonly refers to the addition of a methyl group to the 5 prime carbon of a
cytosine residue of a CG dinucleotide. Non-CG methylation is also known to occur, particularly
in embryonic cells, and more recently also described in double-negative T cells; however, the
regulatory mechanisms and functions associated with non-CG methylation patterns are not well-
known [83]. DNA methylation is a very common modification in the human genome occurring
at 70-80 % of CG dinucleotides [84]. Clusters of unmethylated CG dinucleotides, called CpG
Islands, are often found within the promoter regions of genes. Further, methylation of these CpG
Islands is typically associated with transcriptional repression [85]. The mechanisms by which
DNA methylation silences gene expression are not entirely understood; however, one common
hypothesis is that DNA modification hinders the binding of transcription factors. In addition,
DNA methylation may silence gene expression by interacting with methyl-CpG-binding proteins
that initiate chromatin remodeling [86]. In either event, DNA methylation is an important
epigenetic mechanism involved in regulating developmental processes, genomic imprinting, and
X chromosome inactivation [87]. Aberrancies in DNA methylation have been associated with

several forms of cancer, autoimmune diseases, and inflammatory conditions [87].

Another form of epigenetic variation is the modification of histones which are proteins
wrapped as an octamer by DNA to form the nucleosome subunits of chromatin structures.
Histones can be post-translationally modified by the acetylation, methylation, phosphorylation,
sumoylation, ubiquitination, ADP ribosylation, deamination, and proline isomerization of amino
acid residues within their protein tail [88]. Histone modifications most commonly studied are
those of lysine residues of histone H3 (H3K) for which acetylation is often associated with less
compact chromatin structure, whereas mono-, di-, and tri-methylation are often associated with
a more condensed structure [89].

A central feature in BD pathogenesis is dysregulated cytoskeletal remodeling, a central process
in both the adhesion and infiltration of leukocytes into inflamed tissues [90]. In a genome-wide
DNA methylation study that compared DNA methylation in active untreated BD patients to
age, sex, and ethnicity matched healthy controls, aberrant CG methylation of both monocytes
and CD4+ T cells was found in and around genes significantly enriched for functions related to
cytoskeletal remodeling [90]. These include genes such as RAC1, RGS14, and FSCN2 among many
others, which are involved in cytoskeletal action polymerization and bundling that is crucial to
filopodia and lamellipodia formation during cell migration and tissue invasion. In both cell types,
several CG sites that were differentially methylated in patients compared with controls had their
aberrant methylation levels reversed and restored to normal levels when the same patients were
studied following disease remission. These findings suggested an important role for epigenetic
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remodeling in cytoskeleton-related genes in the pathogenesis and the therapeutic response in

BD. In addition, dynamic differentially methylated CG sites that are reversed following disease

remission might warrant further investigation to develop epigenetic biomarkers for disease

activity and remission in BD.
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