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Introduction: Behçet’s disease (BD) is an auto-inflammatory disease, primarily characterized by recurrent
painful mucocutaneous ulcerations.
Methods: A literature search was performed to write a narrative review into the pathogenesis and current
treatment options of BD.
Results: The pathogenesis of BD remains to be elucidated, but is considered a genetically primed disease in
which an external trigger causes immune activation resulting in inflammatory symptoms. GWAS data show
an association between multiple genetic polymorphisms (HLA-B51, ERAP1, IL10 and IL23R-IL12RB2) and
increased susceptibility to BD. Bacteria as streptococci, an unbalanced microbiome or molecular mimicry
trigger the inflammation in BD. Increased production or responsiveness of pro-inflammatory components of
the innate immune response (TLR, neutrophils, NK-cells or gd T-cells) to these triggers may be a crucial step
in the pathogenesis of BD. Additionally to an increased autoinflammatory response there is evidence of a dys-
regulated adaptive immune system, with a disturbed Th1/Th2 balance, expansion of Th17 cells and possibly a
decrease in regulatory T cells, resulting in a surplus in pro-inflammatory cytokines. The inflammation causes
a typical clinical phenotype including orogenital ulcerations, uveitis and skin lesions. Treatment is aimed at
the aberrations found in the innate (neutrophils and gd-T cells) and adaptive immune system (TNF-a, INF-g ,
IL-1), directed at organ involvement and individualized based on patient characteristics.
Conclusion:We presented an extensive review into the pathogenesis and treatment options of BD.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Behçet’s disease (BD) is a systemic inflammatory disease, primar-
ily characterized by recurrent painful oral ulcerations. Diverse other
clinical characteristics including uveitis, genital ulcerations and ery-
thema nodosum or acneiforme pustular lesions frequently occur.
Less common complications are arthritis, gastro-intestinal, neurologi-
cal and vascular involvement [1].

The prevalence of BD is the highest along the Ancient Silk Road,
connecting Europe to Asia, topping in Turkey with 80�370 cases per
100,000. BD typically first presents between 20 and 40 years old, and
appears to be more severe in young male patients [1].

Since a pathognomic test is lacking in this syndrome, the diagno-
sis is made based on clinical criteria. The obligatory major criterion is
the presence of oral ulcerations >3 times in a year. Two of three fol-
lowing minor criteria should be present: genital ulcerations, uveitis,
skin manifestations or a positive pathergy test. The latter describes a
skin-prick test, which is regarded positive if a pustule develops
within 24�48 h after a sterile skin trauma with a sterile needle [2].
New criteria (International Criteria for Behçet’s Disease) are pro-
posed, which also consider the presence of neurological and vascular
manifestations, since especially patients with vascular, neurological
or gastrointestinal involvement are now possibly misdiagnosed as
incomplete BD [3].

Many of the clinical symptoms seen in BD are thought to be
caused by vasculitis. The ability of BD to involve all sizes of both arte-
rial and venous blood vessels is noteworthy.

The pathogenesis of BD remains to be elucidated, but is often
described as a genetically primed disease provoked by an infectious
agent or trauma which causes immune activation resulting in inflam-
mation and clinical symptoms. The goal of this review is to discuss
the current pathophysiological insights and to explore the role of
potential treatment targets based on these observations.

Genetics

Genetic predisposition to BD is considered to be polygenetic. In
1982 the increased incidence of HLA-B5 or Bw51 in BD patients was
discovered [4]. HLA-B51 positivity in BD patients ranges between
50�72% in most recent meta-analysis, although in an older meta-
analysis a pooled-prevalence of HLA-B51/B5 of respectively 34.2 and
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39% in North America and Northern/Eastern Europe is found [5,6].
Genome wide association studies (GWAS) confirmed this strong asso-
ciation with HLA-B51 and to a lesser extend IL10 and IL23R-IL12RB2
variants. Those variants appeared to be associated with Turkish and
Japanese populations [7,8]. In addition to this, susceptibility loci for
BD at C��C chemokine receptor types 1 and 3, signal transducer and
activator of transcription (STAT) protein family member 4, KLRC4
(killer cell lectin-like receptor subfamily C, member 4) and KLRK1
(killer cell lectin-like receptor subfamily K, member 1) and Endoplas-
mic Reticulum Aminopeptidase 1 (ERAP1) were reported.
HLAB51-ERAP1

Especially homozygosity for the mutation encoding ERAP1 p.
Arg725Gln was associated with an increased odds ratio for BD in
HLA-B51+ individuals compared to HLA-B51- individuals [9]. The
combined disease susceptibility suggests an interaction between
HLA-B51 and ERAP1 in the pathogenesis of BD.

ERAP1 is an endoplasmic reticulum-expressed aminopeptidase
that enhances or limits antigen peptides to optimize the size before
loading onto MHC class I molecules, such as HLAB51 [9].

A large Turkish study revealed that Hap10, a low-activity variant
of ERAP1 was significantly associated with risk of BD [10]. This low
activity variant is thought to cause lower affinity peptides via two
mechanisms. In vitro, this variant causes an increase in 9-mers and a
decrease in 8-mers, representing a lower trimming activity. Also, an
increase in the Ala2 subpeptidome at the expense of the higher affin-
ity Pro2 subpeptidome was observed in vitro [11] (Fig. 1).

These alterations in the peptidome may negatively influence anti-
gen presentation of MHC-I molecules. It is hypothesized that lower
affinity peptidomes may induce either tolerant or autoimmune spe-
cific T-cell response [12]. In addition to this, lower affinity pepti-
domes may attribute to NK-cell mediated inflammation [13].

Also, changes in the affinity for the peptidome affect the folding
kinetics of the MHC-I molecule. Comparable, this misfolding of MHC-
I molecules is also observed in HLA-B27 and is proposed as one the
mechanisms in which BD is defined as a MHC-I-opathy [14].

HLA-B27 is also associated with a slightly increased odds ratio for
BD (OR 1.55). Interestingly, double positive patients (HLAB27+/B51+)
show a more benign course of disease in BD uveitis than HLAB27-/
B51+ BD patients. This more benign course is also seen in HLAB27
associated uveitis, therefore HLAB27 is suggested to act as the domi-
nant gene over HLAB51 [15,16].
Polymorphisms associated with inflammatory cytokines

In addition to the GWAS, candidate gene studies showed
increased frequencies of IL-10 rs1800871, rs1518111, rs1800872 and
rs1554286 alleles associated with BD [17,18]. The haplotype of the
rs1518111 variant is associated with reduced IL-10 production, an
anti-inflammatory cytokine [7]. In Egyptian patients an increase in
frequency of IL-10 rs1800896 allele was found. In this cohort reduced
IL10 levels were confirmed in serum of patients compared to healthy
controls. The reduction of IL-10 was also observed in patients without
the polymorphism and is thus independent of the IL-10 genotype
[19].

The IL23R/IL12RB2 locus encodes for a subunit of the IL-23 recep-
tor and a subunit of the IL12 receptor. IL-23, is a pro-inflammatory
cytokine, consisting of two subunits, p19 and p40, the latter is shared
with IL-12. IL-23 promotes predominantly Th17 cell development,
whereas IL12 plays an important role in Th1 development.

SNPs (rs17375018, rs11209032, rs17375018) in IL-23R in a Han
Chinese population were associated with BD [20], also two SNPs of
the IL23R-IL12RB2 region, rs924080 and rs11209032, were found to
be associated with BD in a Northern Han Chinese population [21].
Polymorphisms of the tumor necrosis factor alpha (TNF-a) gene, a
pivotal cytokine in BD inflammation, were associated with BD
revealed by a meta-analysis of 16 studies. In Asian BD patients
�308A/G and �857T/C was associated with BD, while �238A/G and
�1031C/T polymorphisms were associated with BD in Caucasians
[22].

The cytokine IL-1 plays an important role in autoinflammatory
disorders. Polymorphisms in the IL-1 cluster genes were only investi-
gated in Turkish patients. A meta-analysis of 5 cohorts shows SNPs
associated with BD in both IL-1a and IL-1b and IL-1R [23].

In addition to this, the frequency of IL-2 �330 GG allele was found
to be significantly higher in an Iran cohort of BD patients [24]. In Tur-
key, BD patients with ocular involvement, have increased frequencies
of the IL-2�330 GT allele [25].

Polymorphisms associated with innate immunity

Since BD is regarded as autoinflammatory, interest in the innate
immune system is emerging. Pattern recognition receptors like NOD-
like receptors and toll-like receptors (TLR) are important components
of the innate immune system. In Crohn’s disease, which has a clinical
overlap with BD, polymorphisms in the NOD2 gene were associated
with an increased susceptibility [26]. However, in BD no association
with NOD2 gene polymorphisms was found. Strikingly, in contrast to
Crohn’s disease, the NOD2 gen polymorphism Arg702Trp was signifi-
cantly less frequent present [27,28]. A meta-analysis showed no asso-
ciation with BD and TLR2 and TLR4 polymorphisms. A single study
from Asia showed an association between TLR7 (rs5743733 and
rs3853839) and BD and in TLR9 an increased expression of rs352140
was associated with BD [29]. TLR7 and TLR9 are both intracellular
receptors, their role could indicate a link with viral infections; as
seen in severe COVID and TLR7 [30], however, this relation has not
been reported yet.

Another link to pathogens is the identified association with
rs632111 of Fucosyltransferase 2 (FUT2), which was discovered in a
GWAS in Iranian patients and confirmed in a Turkish cohort [31].
This SNP is associated with decreased or absent FUT2 enzyme activ-
ity, an enzyme that regulates the secretion of the H-antigen in body
fluids and intestinal mucosa. Individuals with the non-functional
phenotype show alterations in mucosal glycosylation and gut micro-
biome and this is linked to an increased risk of Crohn’s disease [31].

Summarizing, these data show obvious links between multiple
genetic polymorphisms (HLA-B51, ERAP1, IL10 and IL23R-IL12RB2)
and increased susceptibility to BD. However, no direct dysfunctional-
ity has been associated with these variants in BD patients. Moreover,
so far it has not been reported that patients with these variants are
more at risk for refractory or more severe disease presentations.

Infectious agents

Although there is a clear genetic association with BD, genetic fac-
tors alone cannot fully explain the pathogenesis of BD. Therefore,
additional environmental triggers have been postulated based on
observations that are linked to several microbiological agents with
BD.

Specific microbiological factors

Increased salivary colonization with Streptococcus mutans has
been demonstrated in BD patients and both skin and serum testing
with streptococcal antigens induced inflammatory reactions
[32�35]. Obviously, antibiotics added to regular treatment have
yielded a significant improvement of symptoms in BD patients [36].
Herpes simplex virus (HSV) is also investigated as a possible infec-
tious trigger of BD. PCR testing of saliva, peripheral blood leukocytes
and oral smears for HSV-DNA were negative and a randomized



Fig. 1. ERAP1-HLAB51 interaction in BD. The lower activity variant of ERAP-1 causes lower affinity peptidomes because of an increase in nonamers due to lower trimming activity
and because of an increase is Ala2 subpeptidome at expense of Pro2 subpeptidome. HLA-B51 has a lower affinity for longer peptides, such as nonamers, and a lower affinity for the
Ala2 subpeptidome. The lower affinity peptides may negative influence antigen presentation and thereby cause increased NK-cell activation and disturbed T-cell responses.
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control trial with acyclovir treatment demonstrated no beneficial
effects on oral ulceration in BD patients [37,38].

Microbiome

It has been hypothesized, that an unbalanced gut microbiome
might trigger or exacerbate inflammatory processes in BD patients.
An unbalanced gut microbiome with reduced intestinal microbial
diversity has been demonstrated in BD patients. Specifically, signifi-
cant depletion of Roseburia and Subdoligranulum species leading to
decreased butyrate production has been suggested to contribute to
inflammation [39]. Furthermore, a significant increase of Bifidobacte-
rium and Eggerthella genera and reduction of Megamonas and Prevo-
tella genera have been reported in a Japanese BD cohort compared
with matched healthy controls [40]. Rothia dentocariosa, a known
abundant inhabitant of the oral cavity of BD patients, was found to be
decreased in active ulcerations sites. Moreover, oral Neisseria and
Veillonella numbers were decreased in both active and inactive BD
[41]. Recently, we performed a combined Italian and Dutch study
into both oral and fecal microbiota, including an IgA-SEQ analysis.
We observed decreased fecal abundance of Barnesiellaceae and Lach-
nospira and increased oral abundance of Spirochaetaceae and Dethio-
sulfovibrionaceae. In addition, increased fecal IgA coating of
Bifidobacterium, Ruminococcus bromii and Dorea may reflect retention
of anti-inflammatory species and neutralization of pathosymbionts
in BD, respectively [42]. These studies suggest that different pro- and
anti-inflammatory oral and gut microbiomes, among different BD
populations, may contribute as potential disease making determi-
nants.

Molecular mimicry

Another potential trigger could be caused by molecular mimicry, a
phenomenon caused by similarity between bacterial antigens and
human peptides. Heat shock proteins (HSP), S-antigen and interpho-
toreceptor retinoid-binding protein (IRBP) have been observed as
autoantigens.

Heat shock proteins (HSP) are a group of intracellular proteins
produced in response to stress, varying in molecular mass
(60�90 kD). Especially the prokaryotic HSP65 and human
mitochondrial HSP60 share significant sequence homology [43].
Increased levels of IgA and IgG antibodies against mycobacterial
HSP65 with significant homology to human HSP60 were observed,
with a level-dependent association with ocular BD disease [44]. Also,
retina-specific autoantigens (S antigen and IRBP) are thought to be
involved in the immunopathogenesis. PMBCs of BD patients showed
an increased response of IL-6, IFN-g and IL-17 after stimulation with
S-antigen and IRBP compared to healthy controls [45]. These phe-
nomena suggest also involvement of the adaptive immune response,
although a nonspecific response to retinal damage cannot be ruled
out.

Thus, either bacteria as streptococci, an unbalanced microbiome
or molecular mimicry may be act as environmental triggers causing
inflammation in a genetically susceptible suspect.

Innate immune system

Interest of researchers in BD is skewed towards the innate
immune system since BD was proposed to be categorized as an auto-
inflammatory disease [46]. This is argued because of the clinically
overlapping symptoms with autoinflammatory diseases. The BD-spe-
cific pathergy test, which reveals an exaggerated inflammatory cuta-
neous response to sterile-needle-induced tissue damage with
granulocyte and gammadelta T cell involvement, suggests a role for
the innate immune system. Pathogen recognition receptors (PRR) are
components of the innate immune system specialized in the recogni-
tion of conserved motifs present in pathogens, the so-called pathogen
associated molecular patterns (PAMP) and of endogenous molecules
which are released upon tissue injury (so-called damage associated
molecular patterns (DAMP). The inflammation observed in the
pathergy test suggests activation of PRRs (such as RIG-1-like recep-
tors, NOD-like receptors and TLRs) by DAMPs and PAMPs [47]. How-
ever, both RIG-1-like receptor and NOD-like receptor gave an
unaltered IL-1b, IL-6, TNF-a, IFN-a and IL-18 response to stimulation
[48]. On the other hand, increased expression and altered activation
of toll like receptors (TLR) was described in BD. TLR activation results
via transcription factor NF-kB in the production of pro-inflammatory
cytokines, like TNF-a [49].

In BD, inconsistent reports exist about the expression and func-
tion of TLRs. Increased expression in PBMCs is demonstrated of TLRs
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2, 3, 4 and 8 and increased mRNA expression of TLR2 and TLR4 in oral
tissue from BD patients [50,51]. On the other hand, compared to
healthy controls, a decreased TLR 6 expression in granulocytes and a
comparable TLR1, 2 and 4 expression in granulocytes and monocytes
was observed in a Turkish cohort [52]. In South Korean BD patients a
higher expression of TLR2 and TLR4 was observed, with an inverse
correlation with 25(OH) vitamin D levels. Vitamin D was hypothe-
sized to influence T-cell mediated auto-immune disease and sug-
gested as possible therapeutic option [53]. Stimulation with specific
TLR 1/2 and TLR4 ligands showed diminished activation of PBMCs,
but in a Chinese group an elevated IL-1b and IL-23 production by
monocytes of BD patients as well as increased IL-17 production in T-
lymphocytes compared to healthy controls was observed [50,51].
Recent data demonstrates increased expression of TLR1, 2, 4, 5 and 6
by lymphoid and myeloid cells of patients with BD compared with
healthy controls. Moreover, pathergy test positive BD patients display
even higher TLR5 expression on B-lymphocytes, CD4+ T-lymphocytes,
CD8+ T-lymphocytes and granulocytes than do BD patients with a
negative pathergy test. Furthermore, PBMCs from BD patients pro-
duce more TNF-a upon activation of TLR2 or 5 than PBMCs from
healthy controls [49]. In our opinion the evidence described above
points towards a role for poly-TLR’s in the pro-inflammatory state as
seen in BD.

TLR activation results in cytokine production via NF-kB pathway.
This occurs via the so-called inflammasome (NLPR3). This inflamma-
some represents a cascade of enzymes, including caspase-1, which
after activation via PRRs serves as a platform for caspase-1 to produce
IL-1b and IL-18 [54]. In BD components of the NLPR3-inflammasome
were reported to be increased on both mRNA and protein levels, with
an increased IL-1b response to stimulation with LPS [55].

Neutrophil hyperfunction with increased chemotaxis is since long
described as an essential part of the pathogenesis of BD [56]. Neutro-
phil activation markers, such as CD64, are increased in patients with
active BD [57]. Neutrophils are known to respond to inflammation by
releasing prothrombotic web-like structures, called neutrophil extra-
cellular traps (NETs). In BD patients with active or vascular disease,
elevated NETs and elevated markers of NETs were described [58]. In
addition to this, neutrophils produce excessive amounts or reactive
oxygen species (ROS) via NADPH, which promotes fibrinogen oxida-
tion and thrombus formation [59]. Thus, in addition to their contribu-
tion to inflammation, neutrophils may play a crucial role in the
thrombogenic state in BD. Vascular complications are seen in
15�40% of BD patients, most often superficial venous thrombosis or
deep vein thrombosis . Arterial involvement (especially pulmonary
artery aneurysms) is associated with a worse prognosis [60].

Natural killer (NK) cells are cytotoxic cells of the innate immune
system, capable of pathogen directed responses without prior anti-
gen priming. NK cells are characterized regulatory (CD56bright) with
predominantly cytokine-producing function (IFN-g and TNF-a) or
cytotoxic (CD56dim). The latter is the dominant subset (90% in periph-
eral blood) with high potential to produce perforin and granzyme B
[61]. In BD, both CD56dim and CD56bright NK cells were depleted in
peripheral blood, this correlated well with disease activity. As a possi-
ble explanation, the investigators suggest skewing of these cells to
the site of inflammation, although this was not confirmed by histo-
logic studies [62]. Another way of subtyping NK cells is by cytokine
production. NK1 cells produce mainly IFN-g and IL-10, while NK2
cells produce IL5 and IL-13 [63]. In BD a dominance of the NK1 subset,
characterized by IFN-g production, was identified with a decrease of
NK2, NK17 and IL-10 producing cells compared to healthy controls.
No differences in cytotoxic activity of NK cells were observed [64].
Another group reported, a NK1 profile in BD uveitis during relapse
periods and a NK2 profile in remission periods, although this was
investigated in only 11 patients [65]. However, these findings were
confirmed in a larger cohort of 47 patients showing a NK2 profile in
inactive disease [66]. The NK1/NK2 ratio seems to reflect disease
activity in BD, inducing disease activity by causing a Th1 response, as
is also suggested in MS and pemphigus vulgaris [67,68].

Gammadelta (gd) T-cells are a small population of T-cells
(0.5�5%) expressing TCR g and d chains. gd T-cells are unique in hav-
ing both characteristics of adaptive (antigen recognition via TCR) and
innate (immediate effector cells without peripheral maturation or
extensive clonal expansion) immune cells [69]. gd T-cells consist of a
Vd2 subset, which is the major subset in peripheral blood and a Vd1
subset, which is predominant in tissue resident cells [70]. In inactive
state, these cells lack CCR7 and do not home to the lymph nodes but
possess a migration profile similar to innate immune cells. Interest-
ingly, after expression of CCR7 these cells home to lymph nodes
where they provide help in B-cell activation. In addition to this, gd T-
cells possess the ability to produce IL-4 or IFN-g , influencing a Th1 or
Th2 response; thereby linking the innate immune system with the
adaptive immune system [71]. In BD, there are conflicting data
regarding the numbers of gd T-cells, some groups report increased
numbers, while other groups show numbers comparable to healthy
controls [72]. Because of the fast expanding properties of gd T-cells,
these differences could be explained by active/inactive disease,
patient characteristics (ethnicity) or medication usage.

gd T-cells play a crucial role in mucosal immunity and could be
the first immune cell triggered by the environmental factor as dis-
cussed before. For example, mycobacterial HSP65 peptides were
shown to induce a significant gd T-cell response as compared to both
disease controls (patients with SLE, Sj€ogren, vasculitis, inflammatory
bowel disease and recurrent oral ulceration) and healthy controls
[73]. In contrast to this finding, gd T cells derived from intra-ocular
fluid were non-responsive to HSP65 peptides, although an IFN-g
response was reported after stimulation with isopentyl pyrophos-
phate (IPP). IPP is a nonpeptide metabolic antigen, which is released
by damaged cells following infection (e.g. HSV) or tissue necrosis (e.g.
pathergy test) [74]. Increased responsiveness of pro-inflammatory
components of the innate immune response (TLR, neutrophils, NK-
cells or gd T-cells) to an environmental triggers may be a crucial step
in the pathogenesis of BD (Fig. 2).

Adaptive immune system

A dysregulated adaptive immune system with an increase in
proinflammatory cytokines is supposed to contribute to the inflam-
matory symptoms of patients with BD. The adaptive immune system
consists of T- and B-cells.

T-helper cells are divided into subsets according to their cytokine
production profile. Th1 cells produce IL-2, IL-12, INF-g and TNF-a
and promote cytotoxic T cell development. Th2 cells produce IL-4, IL-
5, IL-10 and IL-13, promoting, among others, IgE synthesis, which is
important in the defense against parasites and is also crucial in aller-
gic diseases [75]. Th17 cells produce IL-17A, which induces secretion
of pro-inflammatory cytokines like IL-17F, IL-22 and IL-26 and recruit
neutrophils [76].

In BD significant evidence points to a disturbed balance between a
Th1 and Th2 driven immune response. In oral ulcerations of patients
with BD, a Th1 cytokine profile with increased expression of IFN-g ,
TNF-a and IL-12 was reported, but also an upregulation of Th2-asso-
ciated cytokine IL-4 was displayed [77]. A Th1 cytokine profile was
also confirmed in gastro-intestinal lesions of BD patients [78]. In sera
of BD patients, both an increase in Th1 cytokines (INF-g, IL-6, IL-12)
as well as Th2 cytokines (IL-4-IL-10), was reported. CD4+ T cells of BD
patients with active disease stimulated with PMA plus ionomycin
showed, compared to inactive patients and healthy controls, an ele-
vated response to IFN-g and an unaffected response to IL-4 [79].
Because of this observation, BD was once thought to be a mainly Th1
driven disease. This Th1 polarization could be influenced by the
altered NK1/NK2 ratio or by the polymorphisms in the IL12R as stated
before. There is also evidence for a role for plasmacytoid dendritic



Fig. 2. Summary of theory of pathogenesis of BD focused on innate immune system. Possible triggers, such as streptococci, oral and gut microbiome or molecular mimicry (such as
heat shock proteins) activate the innate immune system. Enhanced expression and activity of TLRs and the possible disturbed antigen presentation because of polymorphisms in
MCH-I molecule and ERAP-1 are contributing pro-inflammatory factors. Neutrophils are activated, releasing neutrophil extracellular traps. NK-cells are skewed towards a pro-
inflammatory NK-1 subsets and there is an increase in gammadelta T-cells, producing IL-4 and IFN-g .
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cells and type I IFN (a decreased INF-b and increased IFN-a is
observed in BD patients) [80]. Type I IFNs can induce expression of
IL12R and thereby contribute to Th1 polarization [81].

A more recent recognized subset is the pro-inflammatory Th17
subset, which is involved in autoimmunity. Th0 cells can differentiate
under influence of IL-6, IL-21, IL-23 and TGF-b through STAT3 activa-
tion to Th17 cells. These cells contribute to inflammation via secre-
tion of IL-17A, IL-17F, IL-22 and IL-23 [82].

In BD an increase in Th17 cells in peripheral blood of patients with
active disease has been reported. In addition to this, a significant
increase in Th17/Th1 ratio was observed, with an even further
increase in patients with uveitis or folliculitis [83,84]. More evidence
for a mixed Th1/Th17 response in BD is reported by Na et al., who
showed a significant increase of IL-17 and IFN-g expressing CD4+ T
cells in patients with active disease. In addition to this, elevated levels
of IL-17, IL-23, IL12/23 and IFN-g in serum of patients with active dis-
ease were reported [85].

The expansion of Th17 cells is in line with increased levels of IL-23
as displayed in sera of BD patients with active and inactive disease
and in patients with uveitis [85,86]. The IL23 receptor was one of the
susceptible loci discovered by GWAS studies; the variants are
hypothesized to be associated with increased expression and signal-
ing of IL23R [87]. Also, IL-17A produced by Th17 cells increases the
recruitment of neutrophils and modulates their homeostasis [76].
Increased neutrophil influx and altered homeostasis is well known in
the pathogenesis of BD.

Regulatory T cells (Tregs), characterized by FoxP3 expression, are
CD4+ T cells which are known to have a role in controlling immune
tolerance, via direct interaction and immunosuppressive cytokines
such as IL-10, IL-35 and TGF-b [88]. Contradicting data exists about
Tregs in BD, with studies reporting increased numbers and studies
reporting decreased number of regulatory T cells in peripheral blood
[89,90]. Geri et al. describe IL-21 producing cells in cerebral inflam-
matory infiltrates and CSF. IL-21 has a suppressive role on formation
of Tregs. In serum decreased numbers of Tregs in BD patients with
active and inactive disease were observed as compared to healthy
controls. In addition to this, in vitro IL-21 reversibly induces
decreased FoxP3 expression and an increase in IL-17A serum of BD
patients [91].

There is some evidence for B-cells to play a role in the pathogene-
sis of BD. For example, BD patients display a disturbed response to
antigen stimulation [92]. Furthermore, patients may have elevated
levels of lupus anticoagulants and antiphospholipids [93,94], one
study revealed elevated numbers of activated and memory B-cells
[95]. Finally, one pilot study reported significant improvement of BD-
uveitis following B-cell depletion with rituximab, a humanized anti-
CD20 monoclonal antibody [96]. Recently, in peripheral blood of BD
patients a disease activity related decrease CD27+IgA+ B-cells is
observed, which restores after successful treatment with anti-TNF-a
treatment. Because of an increase of B-cells in inflamed tissue of BD
patients skewing to the site of inflammation is hypothesized as
explanation [97].

Auto-immunity as explanation for the disease manifestations in
BD is also displayed in the presence of auto-antigens such as retinal S
antigen in BD uveitis, as described earlier in this review [44,45]. Also
in neurologic disease, for example encephalitis, in cerebral spine fluid
immune complexes and increased levels of IgM, IgG and IgA are
described [38].



Fig. 3. Summary of theory of pathogenesis of BD focused on adaptive immune system. Th1 cells are increased and activated by the augmented NK-1 subset, possible also influenced
by the IL-12R polymorphism. Th1 cells produce the pro-inflammatory IFN-g , TNF-a and IL-12. The expansion of Th17 cells is caused by increased levels of IL-23, possible also influ-
enced by the IL-23R polymorphism. Th17 cells produce pro-inflammatory cytokines as IL-17A and IL-17F and IL-22. There is an decrease in regulatory T-cells which causes a
decrease in anti-inflammatory cytokines IL-10 and IL-35. The decrease in regulatory T-cells is the effect of IL-21 producing cells.
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Thus, additionally to autoinflammatory response there is evidence
for a dysregulated adaptive immune system in the pathogenesis of
BD. A disturbed Th1/Th2 balance, expansion of Th17 cells and possi-
ble a decrease in regulatory T cells, might explain the surplus of pro-
inflammatory cytokines and positive effect of cytokine-inhibiting
therapy in patients with active BD (Fig. 3).

Treatment modalities

Treatment of Behçet’s disease is guided by the European League
Against Rheumatism (EULAR) guidelines. Goal of treatment is to sup-
press inflammatory exacerbations and recurrences to prevent irre-
versible organ damage. Treatment should be indicated according to
severity, organ involvement, patient characteristics and patient’s
preferences [98]. The mechanism of action of a particular drug gives
insights in the immune-pathogenesis of Behçet’s disease.

Colchicine is a first treatment, especially in patients with mucocu-
taneous involvement, because of its good tolerability and safety pro-
file. Colchicine has anti-inflammatory effects via inhibiting
neutrophil chemotaxis and suppression of neutrophil function via
reducing TNF-a and IL-6 (through suppressing caspase-1 in the
NLRP3-inflammasome) [99]. Three double blind placebo-controlled
trials are conducted, with conflicting results [100�102]. In short, col-
chicine did not show a beneficial effect on oral ulcerations or papulo-
pustular lesions. However, a significant effect on erythema nodosum
and female genital ulcerations is noted [98]. Despite the somewhat
disappointing evidence colchicine remains first choice.

Thalidomide is an immunomodulatory drug, which is known to
inhibit LPS-induced production of TNF-a, IL-1b, IL-6 and IL12 [103].
Thalidomide was investigated at 100 mg or 300 mg daily in 96 male
Turkish BD patients and compared with placebo treatment. Both dos-
ages of thalidomide decreased the occurrence of oral and genital
ulcers and follicular lesions, 4 patients developed polyneuropathy
during or after study period of 18 months [104]. Lenalidomide is
known as a more potent analogue of thalidomide, with a decreased
risk of sensory polyneuropathy, and is therefore an interesting thera-
peutic agent for BD. So far, 3 case reports with successful treatment
of mucocutaneous BD were published [105�107].

Dapson, which inhibits neutrophil function, has shown to be
effective in a randomized double blind cross-over study with 20
patients with mucocutaneous manifestations of BD. Side effects of
dapson include anemia due to induced hemolysis [108]. Pentoxifyl-
line, a non-selective phosphodiesterase inhibitor has been observed
to inhibit TNF-a production. In BD, in vitro, pentoxifylline inhibits cell
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expansion, down regulates TNF receptor expression and inhibits
PMA-induced degranulation of perforin in gamma-delta T-cells [109].
Several case reports report a positive effect of treatment with pentox-
ifylline on disease activity [110�112]. In our hands we hardly
observed any positive effects of pentoxifylline on disease activity of
BD.

Recently, apremilast, an oral phosphodiesterase-4 inhibitor, dis-
played a beneficial effect on oral ulcerations in BD. Via inhibiting
phosphodiesterase-4 apremilast causes an increase in intracellular
cAMP levels which results in a decrease in TNF-a, IL-23 and INF-g
and an increase in IL-10 [113]. A phase II and a phase III trial revealed
a significant decrease in oral ulcerations. In addition to this a trend
towards a decrease in genital ulcerations was reported, but the stud-
ies were not designed for this outcome [114,115].

Corticosteroids in BD can be used topical in skin or mucocutane-
ous involvement, or intravitreal in uveitis. Systemically it is suggested
in combination therapy for uveitis, vascular disease, neurologic and
gastro-intestinal involvement. Also in joint involvement, low dose
corticosteroids or as intra-articular injection can be prescribed [98].

Azathioprine is also found to be effective in treatment of mucocu-
taneous involvement of BD. Azathioprine is a prodrug metabolized
into thioinosinic and thioguanylic acid, which cause decreased num-
bers of B- and T cells by inhibition of the purine synthesis [116,117].
A placebo controlled trial showed a significant decrease in frequency
of oral and genital ulcerations. In addition to this, azathioprine was
superior to placebo in prevention of new eye disease [118]. Azathio-
prine is therefore used as first-line treatment for uveitis, in combina-
tion with prednisone [98]. Another treatment option for eye
involvement of BD is cyclosporine A (CsA), a calcineurin inhibitor.
The effects of CsA are reduction in cytokine production (IL-2, TNF-a,
IL-3, IL4 and IFN-g) leading to inhibition of T-cell proliferation
[119,120]. In addition to this, in BD patients reduced IL-17A and IFN-
g levels during treatment with CsA were observed [121]. CsA is stud-
ied in three RCTs, proving superiority in frequency and severity of
ocular attacks in comparison with colchicine and superiority in visual
acuity in comparison with cyclophosphamide [122,123]. Compared
with glucocorticoids or chlorambucil, CsA is more effective in
decreasing ocular inflammation, but this is not the case for mucocuta-
neous lesions [124]. CsA usage is limited by adverse effects as renal
function decrease and hypertension.[125] Also, CsA was associated
with the occurrence of neuro-BD [126].

Monoclonal antibodies directed against proinflammatory cyto-
kines or their receptors are emerging as treatment options in inflam-
matory diseases. In BD most evidence is available for anti-TNF-a
agents, infliximab and adalimumab. Infliximab (IFX) is a chimeric
IgG1 monoclonal antibody that binds to TNF-a, preventing it from
activating its receptor. Adalimumab (ADA) is a completely humanized
IgG1 monoclonal anti-TNF-a antibody that binds to TNF-a, thus, like
IFX, preventing it from activating its receptor. IFX is reported to be
more effective in reducing of acute episodes of uveitis in a 6-month
retrospective comparison study with CsA [127]. Therapeutic efficacy
in a substantial case series with ADA was first described in 2007 in
six therapy refractory uveitis patients [128]. There is an increasing
amount of retrospective long term data showing beneficial effects of
IFX and ADA in both ocular as mucocutaneous manifestations of BD
[129,130]. No prospective trials to compare IFX and ADA were con-
ducted, but an observational study in refractory uveitis patients
(IFX = 103 patients and ADA = 74 patients) with one year follow up
reports an improvement in corrected visual acuity and retention rate
in favor of ADA [131].

Another treatment option for therapy refractory patients with eye
involvement is interferon-alpha (IFN-a). IFN-a is observed to reduce
gd T cells, inhibit neutrophil phagocytosis, increase secretion of IL-10
and inhibit the expression of IL-17 [132�135]. IFN-a is effective in
both ocular disease and in mucocutaneous disease in BD patients, as
proven in over 30 pro-and retrospective studies. Usage is limited by
dose-depended adverse effects as flu-like symptoms and depression
[136].

Unfortunately there are no studies comparing IFN-a treatment
with anti-TNFa agents. Pooling the results of multiple open-label and
retrospective studies into the effect of IFN-a or IFX generates compa-
rable results in percentages of complete remission (IFX 57% vs. IFN-a
64%), with superiority in sustained remission for IFN-a (71% vs. 44%)
[137]. In favor of treating patients with IFX is the quick effect (<24 h)
of IFX [138]. Ultimately, the choice of treatment depends on patient
factors as risk of infection (tuberculosis in IFX/ADA), risk of adverse
effects or experience of treating physician and local reimbursement
policies.

The thrombotic events in BD raise the question whether this
should be treated with immunosuppressives or anticoagulants or a
combination of both. For venous thrombotic events treatment should
consist of steroids and anti-TNF-a or a DMARD [60]. There is no bene-
ficial effect of anticoagulants shown in decreasing recurrence risk, but
anticoagulants may decrease risk of post-thrombotic syndrome. The
risk of bleeding (especially since BD is associated with arterial aneur-
ysms) should be weighed against the possible benefits [98]. For more
atypical sites of venous thrombosis specific treatment suggestions
are presented in the overview paper of Emmi et al. [60].

In pulmonary artery involvement the EULAR recommendations of
2018 suggest the use of cyclophosphamide in combination with ste-
roids, and in refractory cases anti-TNF-a [98]. Cyclophosphamide
administered in monthly i.v. pulses for a period of two years was ret-
rospectively observed to improve overall survival in this small subset
of patients [139].

Another point of discussion is the place of anti-TNF-a agents as first
line treatment in BD uveitis patients. This is opposed to the current
strategy, which is azathioprine in combination with prednisolone, with
first line treatment with anti-TNF-a agents reserved for sight-threaten-
ing posterior- or pan uveitis. A recent systematic review suggests IFX or
ADA as first line treatment as glucocorticosteroid sparing therapy for
patients with all ophthalmic manifestations of BD [140]. Prospective
randomized controlled trials should decide the optimal strategy, anti-
TNF-a agents, interferon-a or azathioprine.

The timing of stopping anti-TNF-a agents is topic of debate. A ret-
rospective study in 29 patients suggested withdrawal after 2 years of
treatment, which was successful for 16 of their patients. Patients
who remained in remission where characterized by younger age and
a quick initiation of anti-TNF-a treatment [141]. A prospective study
on the matter was conducted by Martin-Varilles et al. who optimized
adalimumab treatment in 23 of 65 BD uveitis patients based on
shared decision. In patients treated with ADA who were in remission
for at least 3 months, treatment was optimized by prolonging the
dosing interval. They report similar efficacy, less adverse effects and
more cost-effective treatment [142].

New treatment options directed against pro-inflammatory cyto-
kines involved in the pathogenesis of BD are emerging, for example
anti-IL1b, anti-IL-6 and anti-IL17 Table 1.

G€ul et al. published the first paper on anti-IL1b treatment in BD in
2012. Seven patients with eye involvement were successfully treated
with gevokizumab, a recombinant humanized anti-IL-1b antibody,
resulting in complete resolution of inflammation within a median of
14 days with a median duration of 49 days [143]. At the moment,
most experience is gained with anakinra, an IL-1b receptor antago-
nist and canakinumab, a completely humanized anti-IL1b antibody.
The largest retrospective cohort study consists of 30 patients treated
with anakinra (90%) and canakinumab (10%) confirming efficacy and
showing retention rate of 68% after 24 months of follow up [144].
Results in mucocutaneous manifestations of BD are less promising as
described in case series [145]. An advantage of anti-IL1b treatment
compared to anti-TNF-a treatment is the safety in patients with
latent tuberculosis [146]. A recent publication suggests IL-1 inhibition
is particularly effective in BD patients with uveitis [147].



Table 1
New treatment options.

Target cytokine Name Indications* Number of patients Outcome

IL-1B Anakinra Uveitis 74 Effective in retrospective cohort studies
Mucocutaneous 7 Partially effective in pilot study

Canakinumab Uveitis 16 Effective in retrospective cohort studies
Gevokizumab Uveitis 68 Effective in pilot and phase II trial, RCT negative for reduction

of ocular exacerbations
IL-6 Tocilizumab Neuro-BD 6 Effective in case reports

Uveitis 11 Effective in multicenter retrospective study, ineffective for extra-ocular
manifestations, may cause worsening of orogenital ulcerations

Vasculo-BD 7 Effective in retrospective case serie
IL-12/IL23 Ustekunimab Mucocutaneous 46 Effective in prospective study, retrospective study and case reports
IL-17 Secukinumab Uveitis 118 Ineffective in placebo-controlled RCT

Mucocutaneous 15 Effective in multicenter retrospective study

RCT = randomized controlled trial.
* indications were only described if >5 patients were treated for this indication.
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Tocilizumab is a humanized monoclonal antibody directed against
the IL-6 receptor. Evidence in BD is scarce, with case reports and one
multicenter retrospective cohort study. This study reports efficacy in
11 therapy refractory BD uveitis but showed no improvement in
extraocular manifestations. Also, worsening of orogenital and skin
involvement of BD after treatment with tocilizumab is described
[148,149]. A phase II trial is currently being conducted by a Chinese
group in treatment refractory BD uveitis (NCT03554161).

Ustekinumab is a fully humanized antibody able to inhibit both IL-
12 and IL-23 by binding to their common subunit p40. Ustekinumab
is already proven effective in psoriasis and Crohn’s disease [150,151].
In BD ustekinumab decreases oral ulceration in 30 colchicine treat-
ment resistant patients with respectively 60% and 89% complete
response after 12 and 24 weeks [152].

Secukinumab is a recombinant human monoclonal IgG1/kappa
antibody that neutralizes IL-17A. In a phase II RCT in 118 BD patients
with uveitis no significant difference in efficacy between secukinu-
mab and placebo was observed in preventing ocular exacerbation in
24 weeks follow up. A significant decrease in concomitant immuno-
suppressive medication was observed, suggesting a possible benefi-
cial effect, however the study did not reach its primary endpoint
[153].

Another ongoing trial is a phase II study with low dose IL-2 ther-
apy. Studies show an expanding effect of low dose IL-2 on regulatory
T cells. In SLE 40 patients were treated with low dose IL-2 with a sig-
nificant immunological effect, i.e. increasing Tregs and decreasing
Th17 cells and significant clinical effect on disease activity, measured
by the SLEDAI score [154]. Another trial studying the effect of block-
ing IL-18 in BD patients with active disease has started, however, evi-
dence for IL-18 treatment is currently scarce. A case of IL-18
mediated enterocolitis caused by a NCLR4 gain of function mutation
was successfully treated with this approach [155].

Conclusion

BD is a polygenetic disease with multiple genetic polymorphisms
(HLA-B51, ERAP1, IL10 and IL23R-IL12RB2) adding to an increased
susceptibility to BD. Inflammation can probably be triggered by an
environmental factor like bacteria as streptococci, an unbalanced
microbiome or molecular mimicry (HSP) or trauma. The innate
immune system is in a hyperactive state, displayed by the increased
responsiveness of pro-inflammatory components as PRR, neutrophils,
NK-cells or gd T-cells. There is evidence for a dysregulated adaptive
immune system, with a disturbed Th1/Th2 balance, expansion of
Th17 cells and possible a decrease in regulatory T cells, resulting in a
surplus in pro-inflammatory cytokines. The inflammation caused by
the alterations in innate and adaptive immune system leads to a clini-
cally diverse spectrum of symptoms. Treatment is aimed at the
aberrations found in the innate (neutrophils) and adaptive immune
system (TNF-a, INF-g , IL-1), directed at organ involvement and indi-
vidualized based on patient characteristics.

Statement of literature search

Literature search was performed using the PubMed database. Pub-
lications mentioning genetics, pathogenesis, clinical manifestations
and treatment were selected based on title and abstract by judge-
ment of the authors. Publications previously known to authors and
publications cited within included articles were also considered.
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factor for Behçet’s disease in HLA-B�51 carriers. Ann Rheum Dis 2016;75
(12):2208–11.

[11] L�opez De Castro JA. How ERAP1 and ERAP2 shape the peptidomes of disease-
associated MHC-I proteins. Front Immunol 2018;9:2463.

[12] Guasp P, Barnea E, Gonz�alez-Escribano MF, Jim�enez-Reinoso A, Regueiro JR,
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ocular involvement. Int J Immunogenet 2013;40(5):349–55.

[26] Economou M, Trikalinos TA, Loizou KT, Tsianos EV, Ioannidis JPA. Differential
effects of NOD2 variants on Crohn’s disease risk and phenotype in diverse popu-
lations: a metaanalysis. Am J Gastroenterol 2004;99(12):2393–404.

[27] Deng B, Ye Z, Li L, Zhang D, Zhu Y, He Y, et al. Higher expression of NOD1 and
NOD2 is associated with vogt-koyanagi-harada (VKH) syndrome but not Behcet’s
disease (BD). Curr Mol Med 2016;16(4):424–35.

[28] Kappen JH, Wallace GR, Stolk L, Rivadeneira F, Uitterlinden AG, Van Daele PLA,
et al. Low prevalence of NOD2 SNPs in Behçet’s disease suggests protective asso-
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symptoms by the antigens in Behçet’s disease�a multicenter study. The Behcet’s
disease research committee of Japan. J Rheumatol 1989;16(4):506–11.

[36] Calg€uneri M, Kiraz S, Ertenli I, Benekli M, Karaarslan Y, Celik I. The effect of pro-
phylactic penicillin treatment on the course of arthritis episodes in patients
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2017;46(4):419–32.

[65] Kucuksezer UC, Aktas-Cetin E, Bilgic-Gazioglu S, Tugal-Tutkun I, G€ul A, Deniz G.
Natural killer cells dominate a Th-1 polarized response in Behçet’s disease
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milast for Behçet’s syndrome�a phase 2, placebo-controlled study. N Engl J Med
2015;372(16):1510–8.

[116] Trotter JL, Rodey GE, Gebel HM. Azathioprine decreases suppressor T cells in
patients with multiple sclerosis. N Engl J Med 1982;306(6):365–6.

[117] Bacon PA, Salmon M. Modes of action of second-line agents. Scand J Rheumatol
Suppl 1987;64:17–24.

[118] Yazici H, Pazarli H, Barnes CG, T€uz€un Y, Ozyazgan Y, Silman A, et al. A con-
trolled trial of azathioprine in Behçet’s syndrome. N Engl J Med 1990;322
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retrospective study. Clin Rheumatol 2016;35(5):1281–6.

[145] Cantarini L, Vitale A, Scalini P, Dinarello CA, Rigante D, Franceschini R, et al. Ana-
kinra treatment in drug-resistant Behcet’s disease: a case series. Clin Rheumatol
2015;34(7):1293–301.

[146] Cantarini L, Lopalco G, Caso F, Costa L, Iannone F, Lapadula G, et al. Effectiveness
and tuberculosis-related safety profile of interleukin-1 blocking agents in the
management of Behçet’s disease. Autoimmun Rev 2015;14(1):1–9.

[147] Fabiani C, Vitale A, Rigante D, Emmi G, Lopalco G, Di Scala G, et al. The presence
of uveitis is associated with a sustained response to the interleukin (IL)-1 inhibi-
tors anakinra and canakinumab in Behçet’s disease. Ocul Immunol Inflamm
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