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Behcet’s disease (BD) is a chronic systemic inflammatory vasculitis of unknown etiology

characterized by recurrent episodes of oral aphthous ulcers, genital ulcers, skin lesions,

ocular lesions, and other manifestations. Although the pathogenesis of BD is unclear,

some studies have shown that immunological aberrations play an important role in the

development and progression of BD. Infection-related trigger factors, including antigens

and autoantigens, are believed to mediate the development of BD in patients with

a genetic predisposition and subsequently activate the innate and adaptive immune

systems, resulting in the production of numerous cytokines and chemokines to combat

the infection-related factors. The study of the immunological mechanism of BD paves the

way for the development of innovative therapies. Recently, novel biotherapy approaches,

including interferon-α (IFN-α), tumor necrosis factor-α (TNF-α) antagonists, and other

agents that target interleukins and their receptors, have shown promising results in the

treatment of patients with refractory BD and have improved the prognosis of BD. In this

review, we provide the current concepts of BD immunopathogenesis.
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INTRODUCTION

Behcet’s disease (BD) is a chronic recurrent multisystemic disease that involves oral aphthous
ulcers, genital ulcers, skin lesions, ocular lesions, gastrointestinal and central nervous system
(CNS) abnormalities, and other pathologies (1). The epidemiology of BD is uniquely distributed
along the ancient Silk Road from Mediterranean countries, including Turkey (370 cases per
100,000 population), to Middle Eastern and East Asian countries, but BD is rarely encountered
in Northern Europe (0.64 cases per 100,000 population), North America (0.12–0.33 cases per
100,000 population), Australia, and Africa (2, 3). The pathogenesis of BD is not completely clear,
but genetic susceptibility, trigger factors, and immunological abnormalities have been reported to
play a decisive role in BD development (3).

BD is closely related to the presence of the HLA-B∗51 allele of the major histocompatibility
complex, which may play a role in BD pathogenesis via a combination of different HLA class
I-associated functions and/or structural characteristics of the HLA-B∗51 heavy chain (4). A
meta-analysis using data from 78 independent studies, which investigated 4,800 BD patients
and 16,289 controls from around the world, showed that the odds ratio (OR) of having the
HLA-B5/B∗51 alleles for developing BD was 5.78 (95% confidence interval (CI) 5.00–6.67) (5).
Although HLA-B∗51 is the known genetic factor most closely associated with BD, it accounts for
<20% of the genetic risk. A genome-wide association study (GWAS) and meta-analysis identified
common variants in interleukin 10 (IL-10) and at the IL-23R–IL-12RB2 locus that predispose
individuals to BD. Expression studies have shown that the disease-associated IL-10 variants are
associated with reduced expression of this anti-inflammatory cytokine, which may lead to a
susceptible inflammatory state, thus increasing susceptibility to BD (6).
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However, genetic factors cannot fully explain the pathogenesis
of BD. The environmental trigger hypothesis has also been
proposed in BD patients with genetic susceptibility. Trigger
factors such as bacteria or viruses may have a high affinity for
HLA-B51 molecules (4). In the environmental trigger hypothesis
for BD with genetic susceptibility, BD is manifested by the
involvement of the innate immune system, which is sustained by
the adaptive immune response of T cells to infectious antigens or
autoantigens (2). In addition, immune-mediated networks play
a role in the inflammatory cascade. Recently, the pathogenesis
of BD has been classified as the intersection of autoimmune
and autoinflammatory syndromes (3). On the one hand,
observations suggest that BD may have inflammatory properties.
The definitions of autoinflammatory diseases describe numerous
seemingly unprovoked recurrent inflammatory episodes caused
by perturbation of cytokine networks (7). Remission and
exacerbation of recurrent episodes are observed not only in
BD but also in other autoinflammatory diseases. Unlike other
autoimmune diseases, the pathogenesis of BD has not been found
to be associated with specific autoantibodies, and BD is related
to certain autoinflammatory diseases. However, evidence also
indicates that BD has the characteristics of autoimmunity. Similar
to other autoimmune diseases, BD is associated with class I
MHC (HLA-B51). Activation of the adaptive immune system
in autoimmune diseases is the main cause of inflammatory
processes. Th1 and Th17 cells play an important role in the
pathogenesis of BD (8). Therefore, characterization of BD as
an autoinflammatory or autoimmune disorder is complicated.
Recently, the immunopathogenesis of BD has been extensively
studied, and various immune cells and cytokines have been
found to be involved in the pathogenesis of BD (9, 10). In
this paper, we review advances in the knowledge regarding the
immunopathogenesis of BD in terms of antigens, innate immune
cells, adaptive immune cells and cytokines.

THE ROLE OF ANTIGENS IN THE
PATHOGENESIS OF BEHCET’S DISEASE

The environmental trigger hypothesis of BD development in
patients with genetic susceptibility was proposed many years ago.
The trigger factors include bacterial infections, viral infections
and the presence of abnormal autoantigens. Major bacteria, such
as Streptococcus sanguis, Helicobacter pylori, and Mycoplasma,
and viral infections, including herpes simplex virus 1, Epstein-
Barr virus, hepatitis, and cytomegalovirus, have been investigated
in the etiology of BD (3). The most common microorganism
isolated from BD patients is Streptococcus. Clinical observations
have uncovered a relationship between streptococcal infection
and BD, similar to the relationship observed between tonsillitis
and dental caries, which occur together at a high incidence.
Dental treatment was shown to aggravate BD, and antibacterial
treatment had a beneficial effect on mucocutaneous and arthritis
symptoms (11). Staphylococcus aureus and oral Streptococcus
have been identified in the skin lesions of patients with BD
(12). Studies have provided serological evidence that chronic
C. pneumoniae infection was associated with Behcet’s disease.

Ayaslioglu et al. found that patients with BD have higher IgA
seropositivity to Chlamydia pneumoniae (13). Although some
microbial infections are believed to be trigger factors of BD,
there is no evidence that BD is the result of direct infection by
viruses and bacteria (10). Studies have shown that autoantigens,
via molecular mimicry, play a key role in the development
of BD. Several autoantigens have been observed, including the
heat-shock protein (HSP) 60 kDa and HSP70 kDa proteins,
S antigen, interphotoreceptor retinoid-binding protein (IRBP),
α-tropomyosin, and αβ-crystallin (3).

Molecular mimicry based on sequence homology between
microbial and human HSP peptides triggers autoimmune
responses in patients with BD (14–16). Through the study of the
sequence homology between streptococcal cell wall M proteins
and tropomyosin, shared immunological epitopes were revealed.
The similarity between this streptococcal surface protein and
tropomyosin suggests that molecular mimicry may lead to the
inflammation seen in BD via the induction of an immunoreaction
to tropomyosin (17). Indeed, an immunoreaction to S antigen
and IRBP, which are retina-specific autoantigens, has been
suggested to be involved in the pathogenesis of BD. The non-
cross-reactive immune proteins S antigen and IRBP induced
experimental autoimmune uveitis with similar pathology in
different rodent models (18). This study showed that in both BD
patients and healthy controls, cytokines associated with T helper
Th1- and Th17-mediated immune responses were produced by
peripheral blood mononuclear cells (PBMCs) stimulated with S
antigen or IRBP. The levels of IL-6 produced by S antigen-specific
T cells and the levels of IL-6, IFN-γ, and IL-17 produced by IRBP-
specific T cells in BD patients were significantly higher than those
in healthy controls (19, 20).

THE ROLE OF INNATE IMMUNE CELLS IN
THE PATHOGENESIS OF BEHCET’S
DISEASE (FIGURE 1)

Natural Killer (NK) Cells
NK cells are the main components of innate immunity.
NK cells not only play a cytotoxic role in infected cells
and tumor cells but also regulate the function of other
immune cells, including dendritic cells (DCs) and T cells,
by secreting cytokines (21). Based on the surface density
of the CD56 molecules expressed by human NK cells, NK
cells can be divided into two subsets: CD56brightCD16− and
CD56dimCD16+ NK cells. CD56dimCD16+ NK cells account
for approximately 90% of human peripheral blood NK cells;
cells in this subset are characterized by high cytotoxicity to
tumor cells and virus-infected cells but a very low ability for
cytokine production. In contrast, CD56brightCD16− NK cells
are considered to be regulatory NK cells due to their low
cytotoxicity, but these cells produce high levels of cytokines
during stimulation (22). These cells can produce large amounts of
IFN-γ, granulocyte-macrophage colony-stimulating factor (GM-
CSF) and chemokines, although cell proliferation is not active
in response to IL-2 (23). NK cell activation is controlled by
signals from activating and inhibitory receptors. NK cell surface
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inhibitory receptors recognize self MHC class I molecules and
transduce inhibitory signals to protect the body from NK cells
in states of health. Under conditions of pathogen infection,
inflammation, tumor development or injury, the expression
of self MHC class I molecules on the NK cell surface is
downregulated, which leads to a decrease in inhibitory signaling
and the subsequent activation of NK cells (24). In autoimmune
diseases, the frequency of NK cells is decreased and their
cytotoxicity is impaired, suggesting that NK cells play a protective
role in controlling autoimmunity (22). Hasan et al. reported that
the number of NK cells in the peripheral blood of BD patients
was significantly decreased, a change that was related to disease
activity. In addition, that study showed that CD56brightCD16−

and CD56dimCD16+ NK cells were depleted in the peripheral
blood of BD patients compared with the numbers of these cells in
healthy controls (25). Peripheral blood depletion of NK cells in
BD patients may reflect increased homing of these cytotoxic cells
to inflammatory sites and activation and maintenance of tissue
inflammation in BD patients through Th1 cytokine production,
resulting in cytotoxicity in the active phase.

NK cells can also be divided into the NK1, NK2, NK17, NKreg,
and NK22 cell types according to the cytokines secreted (26).
NK cells have recently been reported to play an important role
in Th1 dominance in BD patients, and the Th1-type cytokine
IFN-γ is known to inhibit Th17 cells from producing cytokine
IL-17 (27). Cosan et al. reported an advantage of the NK1 subset,
but compared with healthy subjects, the proportions of NK2,
NK17, and IL-10-secreting cells in BD patients were lower, and
similar cytokine profiles have been observed in BD patients with
mucosal skin involvement (28). Because of the inhibitory effect
of IFN-γ, the dominant function of NK1 cells was increased, and
increased secretion of IFN-γ may inhibit NK2, NK17, and NKreg
cells in BD patients. The NK1/NK2 paradigm has been shown
to control pathogenic Th1- or Th2-biased responses. The study
suggested that NK cells play an active role in the remission of
BD patients through NK2 polarization. NK cells may regulate the
Th1 response mediated by NK2 cells to control disease remission
in patients with BD (29).

γ δ T Cells
γ δ T cells play an important role in the regulation of the
autoimmune response. In adult peripheral blood, γ δ T cells
accounted for 0.5–5% of the total PBMC lymphocytes. Similar
frequencies of γ δ T cells were found in the thymus, lymph
nodes, tonsils and gut- and skin-associated lymphoid systems
(30). Although γ δ T cells usually represent very of the total
lymphocytes in peripheral lymphoid organs under normal
conditions, the number of γ δ T cells can increase in just a
few days to represent more than 50% of all circulating T cells
during infection (31). TCRVγ 9Vδ2+ T cells, the major subset
of γ δ T cells in the peripheral blood, can produce multiple
proinflammatory cytokines in the presence of growth factors
and cytokines. Recent studies have shown that γ δ T cells play
an important role in the inflammatory lesions associated with
experimental models of autoimmune diseases. Activated γ δ T
cells promote the activation of IL-17+ uveitogenic αβ T cells
and accelerate the development of experimental autoimmune

uveitis (EAU) (32). Sutton et al. demonstrated a new natural
mechanism in which γ δ T cells activated by IL-1β and IL-23
are important sources of innate IL-17 and IL-21 production
and IL-1 and IL-23 may mediate autoimmune inflammatory
diseases (33). Furthermore, the activity and high proliferative
response of γ δ T cells to different microbial infections have
been reported in BD patients. TCRVγ 9Vδ2+ can be stimulated
by isopentenyl pyrophosphate (IPP), a mycobacterial antigen.
IPP-specific TCRVγ 9Vδ2+ Th1-like cells are generated from
intraocular fluid in patients with ocular uveitis due to BD (34, 35).
γ δ T cells were associated with active BD and higher CD69
expression and IFN-γ and TNF-α production. The changes in γ δ

T cells in BD patients indicated that γ δ T cells were regulated,
which altered their activity. Parlakgul et al. found no increase
in γ δ T cells in active BD patients in a recent study. However,
functional changes in these cells were implicated according to
the surface receptor on γ δ T cells. The cytokine response of γ δ

T cells was decreased, which resulted in weakened regulation of
these cells in BD patients (36, 37).

Neutrophil Cells
Neutrophils play a vital role in the innate immune response
and are the first line of defense against infectious diseases.
Neutrophils can damage host cells and tissues while destroying
microbes. Therefore, tissue damage is one of the main triggers
of inflammation, which in turn triggers the immune response
(38). Cell surface antigens such as CD10, CD14, and CD16
are expressed in neutrophils and are related to neutrophil
function. Neutrophils in BD patients exhibit high intrinsic
activation that may be associated with HLA-B∗51 and are
usually involved in perivascular infiltration in BD lesions (39).
Hyperactive neutrophils can increase chemotaxis, phagocytosis,
and superoxide production (2). The production of reactive
oxygen species (ROS) is a normal characteristic of neutrophils.
Neutrophil-mediated oxidative stress abnormalities may play
an important role in the pathogenesis of BD, and advanced
oxidation protein products (AOPPs), may be a useful marker
for monitoring the progression and severity of disease activity in
patients with BD (40). High levels of proinflammatory cytokines
and chemokines, including IL-8, TNF-α, INF-γ, granulocyte-
macrophage colony-stimulating factor (GM-CSF)/G-CSF, and
CXCL-8, may be associated with the primary status of neutrophils
(41, 42). BD, also known as chronic vasculitis, is characterized
by venous thrombosis, aneurysms and occlusions. Unlike
classic vasculitis, pathological studies in BD patients have
shown a lack of true necrotizing vasculitis, granuloma, or
immunocomplex deposition (41). Histopathological analysis has
shown that arteries and veins are infiltrated by neutrophils and
lymphocytes, which results in vascular endothelial dysfunction
(43). Thrombosis occurs in approximately 25% of all BD patients,
and the incidence of thrombosis in veins is higher than that in
arterial vessels. Endothelial dysfunction and neutrophil vascular
inflammation are key factors mediating thrombosis in patients
with BD (3). Becatti et al. emphasized that neutrophil activation
promoted fibrinogen oxidation and thrombosis formation in
BD. In particular, their results suggest that an altered fibrinogen
structure and impaired fibrinogen function are related to
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FIGURE 1 | The role of innate immune cells in the pathogenesis of Behcet’s disease.

neutrophil activation and the production of enhanced ROS,
which aremainly derived from neutrophil NADPH oxidases (44).

THE ROLE OF AUTOIMMUNE T CELLS
AND CYTOKINES IN THE PATHOGENESIS
OF BEHCET’S DISEASE (FIGURE 2)

Th1 Cells and Cytokines in Behcet’s
Disease
The Th1 immune response plays an important role in the
pathogenesis of BD. The expression levels of Th1 cells and
related cytokines are associated with the activity of BD. Studies
have found that the frequencies of Th1 cells and their cytokines
and transcription factor T-bet were significantly higher in
patients with active BD than those in patients with inactive BD.
Increased levels of Th1 cytokines, such as IL-2, IL-12, IL-18,
and IFN-γ , have been reported in the PBMCs of patients with
active BD (45, 46).

IL-12 and IFN-γ are the signature cytokines of the Th1
lineage. IL-12, which is composed of 2 heterodimeric subunits
(p35 and p40), is produced by DCs, macrophages and B cells
and is a key Th1-inducing cytokine (47). Th1 cells that produce
IFN-γ activate macrophages, which are responsible for cell-
mediated immunity to intracellular pathogens and are associated
with many organ-specific autoimmune diseases, including BD
(48). Ahn et al. reported that the levels of IFN-γ in the aqueous
humor of patients with BDwere significantly higher than those in

patients with uveitis caused by other diseases (46). In addition, El-
Asrar et al. reported that the level of IFN-γ in the aqueous humor
of BD patients was significantly higher than that in patients with
Vogt-Koyanagi-Harada (VKH) disease and HLA-B27-associated
uveitis (48).

IL-18 is a proinflammatory cytokine that plays an important
role in the immune response of Th1 cells. The functions of IL-18
are to promote the production of IFN-γ by activating NK cells,
to induce the cytotoxic activity of NK cells and to stimulate T
cells to secrete IL-12 and IFN-γ (9). Oztas et al. reported that the
levels of IL-18 and TNF-αwere increased in the serum of patients
with BD, which indirectly supports the hypothesis that these
proinflammatory cytokines are related to the pathogenesis of BD
(49). Furthermore, Musabak et al. showed that the serum level of
IL-18 was significantly increased in all subgroups compared with
that in the healthy control group and correlated with the disease
activity score in patients with active disease. This study suggested
that IL-18 is involved in the pathogenesis of BD and that its level
is closely related to disease activity (50).

Th17 Cells and Cytokines in Behcet’s
Disease
Although BD was once considered a Th1-mediated disease,
Th17 cells are central in the process of autoimmune diseases.
Accumulating evidence suggests that Th17 cells regulate
inflammation and autoimmune diseases. Cytokines such as IL-
6, TGF-β, IL-21, and IL-23 promote the differentiation of Th0
cells into Th17 cells by activating signal transducer and activator
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FIGURE 2 | The role of autoimmune T cells and cytokines in the pathogenesis of Behcet’s disease.

of transcription (STAT) 3 and various transcription factors. Th17
cells then produce cytokines such as IL-17A, IL-17F, IL-21, IL-
22, and IL-23 to regulate inflammation and autoimmunity (51).
The expression levels of Th17 cells and related cytokines are
associated with the activity of BD. Chi et al. found that the
frequencies of Th17 cells and their cytokines and transcription
factor RORγt were significantly higher in active BD patients
than those in inactive BD patients (52, 53). The frequency of
circulating Th17 cells in patients with active BD has also been
reported to be significantly higher than that in the same patients
in the remission stage (54).

IL-23 is a member of the IL-12 family, sharing a p40
subunit with IL-12. IL-23 is involved in the pathogenesis of BD
by promoting the production of IL-17 by Th17 cells. Studies
have shown that polymorphisms of IL-23R were related to BD
susceptibility. Jiang et al. reported that rs17375018 in the IL-
23R gene had a strong correlation with BD uveitis in a Chinese
Han population (55). Recent studies have also shown that IL-
23 does not promote the development of IFN-γ -producing Th1
cells but is one of the essential factors in increasing a pathogenic
CD4+ T cell population, which is characterized by the production
of IL-17, IL-6, and TNF-α (56). IL-23 synergizes with IL-6 to
promote the differentiation, survival and maintenance of Th17
cells, and IL-23 can amplify the Th17 cell response by inducing
the production of proinflammatory cytokines (57). Therefore, IL-
23 plays an important role in the expansion and survival of Th17
cells. High levels of IL-23 have been reported in PBMCs from
active BD patients (52, 58). These results suggest that the serum

IL-17A/F levels parallel the IL-23 levels in patients with active BD,
that the active inflammatory state may lead to the differentiation
of Th17 cells, and that the IL-17/23 axis has a significant role in
mediating inflammatory responses in BD.

IL-21 is a member of the IL-2 family of cytokines and
its function is mediated by the IL-21 receptor (59). IL-21
can stimulate the differentiation of Th17 cells; additionally,
IL-21 promotes the expansion of effector CD8+ T cells in
combination with IL-7 or IL-15 (60) and can activate NK cells
(61). Furthermore, IL-21 is critical for B cell differentiation into
plasma cells and antibody class switching via the induction of
Blimp-1 and Bcl-6 and negatively regulates the function of DCs
(62, 63). Wang et al. reported that the development of EAU is
related to the production of IL-21 and IL-2 by T cells in the
retina (64). This study suggested that IL-21 is correlated with
autoimmune diseases, including BD.

Maintaining a proper balance between regulatory T (Treg)
cells and effector Th17/Th1 cells is important to ensure effective
immunity while preventing pathological autoimmunity (65).
Recent studies have shown that the Th17/Th1 balance and
the Th17/Treg balance are important in the regulation of
inflammation in patients with active BD. The ratio of Th17/Th1
is higher in BD patients than in healthy controls (66). Geri
et al. demonstrated the key role of IL-21 in regulating Th17
and Treg cells in BD. IL-21 is produced by CD4+ T cells
and is related to the increase in Th17 cells and the decrease
in Treg cells in peripheral blood. This study also suggested
the presence of IL-21- and IL-17A-producing T cells within
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the cerebrospinal fluid (CSF), brain parenchyma inflammatory
infiltrates, and intracerebral blood vessels from active BD patients
and the involvement of the CNS (67, 68). Th17 and Treg cells
are implicated in inflammatory and autoimmune diseases. Th17
cells are involved in pathological induction and proliferation,
while Treg cells inhibit autoimmunity and develop tolerance to
self-antigens (69). The Th17/Treg balance provides the basis for
understanding and regulating the immunological mechanisms
of BD. Therefore, BD is dominated by the immune response of
Th1 and Th17 cells. Th1 and Th17 cells are related to active
inflammation in BD, and the Th1/Th17 balance, Th17/Treg
balance and IL-17/23 axis play important roles in inflammatory
and pathological responses of BD patients.

Th22 Cells and Cytokines in Behcet’s
Disease
Th22 cells are a subset of CD4+ effector T cells distinct from
the Th1, Th2, and Th17 subtypes. In the presence of IL-6
and TNF-α, activated naïve CD4+ T cells differentiate into
Th22 cells. Th22 cells mainly secrete IL-22 and TNF-α and
express the chemokine receptors CCR4, CCR6, and CCR10
(70). IL-22 is a member of the IL-10 cytokine family, and
the IL-22 receptor complex is composed of IL-22R1 and IL-
10R2 (71). IL-22 is an inflammatory cytokine that promotes
inflammation and is associated with autoimmune diseases. In
addition, accumulating evidence suggests that IL-22 plays an
important role in the pathogenesis of autoimmune diseases (72).
Sugita et al. showed that Th22-type T cell clones could be
established from ocular samples obtained from patients with
active BD, these clones produced numerous Th22-associated
cytokines and overexpressed IL-22, TNF-α, and CCR10. In
addition, fresh T cells from patients with BD expressed high
levels of Th22-related molecules. However, when fresh T
cells from patients with BD were treated with infliximab,
the expression of these molecules was very low. Thus, the
inhibitory effect of anti-TNF-α therapy on T cell differentiation
may protect against severe ocular inflammation in patients
with BD (73).

However, other studies have suggested that the IL-22 level
in the supernatant of stimulated PBMCs in BD patients
with active uveitis was higher than that in patients without
uveitis or in normal controls and that the level of IL-22 was
associated with the severity of retinal vasculitis and anterior
chamber inflammation (74). The increased levels of IL-22 in
patients with BD with mucocutaneous lesions might be related
to the recurrence of ulcers in the skin and mucosa. The
dynamic proinflammatory and anti-inflammatory changes in IL-
22 might be associated with the organ involvement and severity
of BD (75).

Treg Cells and Cytokines in Behcet’s
Disease
Tregs are considered a sublineage of CD4+ T cells that have a
central role in controlling immune tolerance and maintaining
immune homeostasis (76, 77). Treg cells specifically express the
transcription factor Foxp3 (forkhead box protein P3) and highly

express surface and intracellular markers, including CD25, GITR,
and CTLA-4, which can suppress the activation, proliferation
and effector functions of a wide range of immune cells (78).
However, data on Treg cell populations in BD patients are
contradictory. In some studies, the ratio of Treg cells was found
to be increased in the peripheral blood and CSF (79), while
in other studies, the ratio was found to be decreased (67).
Several potential mechanisms for Treg cell suppressive functions
have been identified, which are mainly mediated by cell-cell
contact, cytokine secretion and metabolic disruption. Treg cells
can express immunosuppressive cytokines such as IL-10, IL-35,
and TGF-β (80).

IL-10 was originally described as a cytokine secreted by
Th2 cells. But further studies have shown that IL-10 can
also be produced by innate immune cells (81). The SNP
rs1518111 was replicated in Middle Eastern Arab, Greek, British,
and Han Chinese samples, and rs1800872 was replicated in
Turkish, Korean, and Han Chinese samples (82). IL-10 has
especially important anti-inflammatory and immunosuppressive
effects, such as inhibiting the function of APCs, inducing the
differentiation of Treg cells, and controlling the proliferation
of other T cell populations (83). In addition, IL-10 inhibits the
apoptosis of B cells, promotes the proliferation of B cells, and
stimulates the expression of MHC class II molecules and the
cytotoxic activity of NK cells (84). Moreover, there is evidence
that IFN-α is an effective treatment for patients with BD (85).
Touzot et al. explained that the underlying mechanism in BD
was the IFN-α-mediated stimulation of a regulatory Th1 response
through the secretion of IL-10. However, the evidence also
showed that IFN-α did not directly regulate the Th1/Th17
balance in BD but increased the IL-10/IL-6 ratio, which led to
the anti-inflammatory state of memory CD4T cells (86). Liu
et al. showed that IFN-α inhibited the expression of IL-17 and
increased the production of IL-10 in vitro in PBMCs and CD4T
cells from BD patients and that the inhibitory effect of IFN-
α on IL-17 was partly mediated by IL-10 (87). These studies
not only suggest that the possible mechanism of IFN-α in the
treatment of patients with BD is related to IL-10 but also confirm
the anti-inflammatory and immunosuppressive characteristics
of IL-10.

IL-35 is the most recently identified member of the IL-12
cytokine family and may be a new target for the treatment
of autoimmune and inflammatory diseases. IL-35 has an
immunosuppressive effect that is achieved via regulatory T
and B cells (88, 89). In contrast to the proinflammatory effect
of other cytokines in the IL-12 family, IL-35 inhibits CD4+

effector T cells, including Th1 and Th17 cells, by amplifying the
Treg cell response and producing IL-10 (88). Recent findings
suggest the abnormal expression of IL-35 in inflammatory
autoimmune diseases, including EAU. In addition, functional
analysis indicates that IL-35 plays a key role in the occurrence
and development of autoimmune diseases (90). Sonmez et al.
reported that a low level of the Treg cytokine IL-35 was negatively
correlated with the number of Th17 and Treg cells. The level
of IL-35 in patients with inactive BD and healthy controls was
higher than that in patients with active BD, a finding that could be
explained by the plasticity between Th17 cells and Treg cells (58).
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THE ROLE OF OTHER CYTOKINES IN
BEHCET’S DISEASE

Proinflammatory Cytokines in Behcet’s
Disease
IL-1, IL-6, and TNF-α are major proinflammatory cytokines
in patients with BD. These cytokines have been found in the
ocular fluid of patients with BD for more than 20 years and
are believed to be the major inflammatory mediators leading
to the development of the disease (91). Recent studies have
shown that single nucleotide polymorphisms (SNPs) of these
cytokines are associated with the onset of BD and that gene
polymorphisms are involved in the pathogenesis of BD, which
leads to the increased expression of these proinflammatory
cytokines (92–94).

IL-6 is clearly a pleiotropic cytokine, which is produced by
innate immune cells (59). IL-6 production is tightly negatively
regulated, and abnormal excessive production of IL-6 has been
found to be related to autoimmune and chronic inflammatory
diseases (95). In the absence of substantial inflammation, TGF-
β promotes Treg cell differentiation and maintains immune
tolerance due to the FoxP3-mediated inhibition of RORγt
activity, resulting in the blockade of IL-17 and IL-23 expression.
Under inflammatory conditions, IL-1β, IL-6, and IL-21 play a
key role in the relationship between Treg and Th17 cells by
controlling the FoxP3/RORγt balance (57, 96). IL-1β and IL-
6 are responsible for promoting the expansion of differentiated
Th17 cells, and the combination of TGF-β and IL-21 is sufficient
to induce the differentiation of naïve T cells into Th17 cells
(97). The increase in IL-6 in the CSF of patients with neuro-
BD has been reported to be associated with long-term prognosis
and disease activity and is regarded as a marker of disease
activity (98, 99).

TNF-α is a representative proinflammatory cytokine and plays
a central role in the induction and maintenance of inflammation
in the autoimmune response. In inflammatory diseases, TNF-α is
mainly produced by cells of the monocyte/macrophage lineage,
but a wide range of cells can produce TNF-α, including T cells, B
cells, neutrophils, NK cells, and endothelial cells (100). All known
responses to TNF-α are triggered by the binding of TNF-α to one
of two distinct receptors, TNFR1 and TNFR2. Therefore, there
are two kinds of anti-TNF-α mediators, namely, monoclonal
antibodies and soluble receptors, which are characterized by
their mechanisms of action (85). Over the past decade, the off-
label use of TNF-α antagonists such as infliximab, adalimumab,
etanercept and golimumab has improved the treatment of
refractory immune-mediated uveitis, especially in BD, and there
is sufficient evidence to suggest that TNF-α inhibition is an
important development in the treatment of patients with severe
and resistant BD (101–103).

Anti-inflammatory Cytokines in Behcet’s
Disease
IL-37 was first described as an anti-inflammatory cytokine in
autoimmune and inflammatory diseases. IL-37 production can
be induced in PBMCs, epithelial cells, DCs and monocytes (104).

As a protective mechanism against excessive tissue damage, the
production of IL-37 is activated by proinflammatory stimuli, such
as IL-1, IL-6, and TNF-α. Therefore, the level of IL-37may change
in autoimmune and inflammatory diseases (105). Recent studies
have shown abnormal IL-37 expression in autoimmune diseases,
including Behcet’s disease, and functional analysis has shown that
IL-37 expression is negatively correlated with the development
and pathogenesis of BD (106, 107). Bouali et al. indicated that
in the serum and PBMC culture supernatants from patients with
active BD, the level of IL-37 was decreased, while the levels of
IL-1, IL-6, and TNF-α were increased. Corticosteroid treatment
of patients with active BD was related to an increase in the IL-
37 mRNA and protein levels, suggesting that this treatment may
play an immunosuppressive role by regulating the production of
IL-37 and reducing the levels of the proinflammatory cytokines
IL-1, IL-6, and TNF-α (108).

IL-27 is a heterodimeric cytokine composed of the p28 and
EBI3 subunits and belongs to the IL-12 cytokine family with IL-
12, IL-23, and IL-35 (109). IL-27 receptors are widely expressed
in various types of cells, such as naïve T cells, DCs, NK cells,
monocytes, activated B cells, and vascular endothelial cells, and
IL-27 is mainly produced by activated antigen-presenting cells
(110). IL-27 appears to have two different functions in the
immune response: to promote the Th1 immune response and
to attenuate the immune/inflammatory response. IL-27 has been
shown to have immunosuppressive properties, which can inhibit
experimental autoimmune encephalomyelitis (EAE) and EAU by
inhibiting the development or proliferation of Th17 cells and
inducing the production of IL-10 (111–113). In the absence of
IL-27-mediated immunosuppression, the secretion of various
inflammatory cytokines is accompanied by severe inflammatory
reactions (110). The expression of IL-27 in patients with active
BD was reported to be lower than that in normal controls.
In addition, recombinant IL-27 inhibited the differentiation of
Th17 cells in both BD patients and healthy controls through the
interferon regulatory factor 8 (IRF8) pathway (114). The decrease
in IL-27 expression was associated with intraocular inflammation
in BD, suggesting that IL-27 was involved in the occurrence and
development of BD.

THE LATEST TREATMENTS FOR
BEHCET’S DISEASE (FIGURE 3)

Despite the traditional options of glucocorticoid and
immunosuppressive therapies, the visual outcomes and
prognoses of patients with BD have not improved substantially
until recently with the advent of biotherapies. IFN-α and TNF-α
antagonists have shown good efficacy and are the first-line
agents used to improve the prognosis of BD. IFN-α was the
first biological agent used to treat BD before the emergence of
anti-TNF. Currently, two different types of human recombinant
IFN-α (IFN-α-2a and INF-α-2b) are commercially available.
IFN-α treatment can achieve long-lasting remission of BD, and
no drugs are used during remission (115, 116). A retrospective
study from France of long-term efficacy evaluation IFN-α
in the treatment of severe uveitis showed that 58% of BD
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FIGURE 3 | The latest treatments of Behcet’s disease is based on the immunopathogenesis of BD.

patients were able to discontinue treatment and 81% of them
had no recurrence within 5 years of IFN-α treatment. During
the study period, the visual acuity improved or stabilized in
89% of the eyes (117). TNF-α antagonists are divided into
monoclonal antibody (infliximab, adalimumab, and golimumab)
and soluble receptor (etanercept) classes according to their
different mechanisms of action. Anti-TNF therapy has been
reported to be rapidly effective in inducing and maintaining
remission (101, 118). A retrospective multicenter study in South
Korea showed that routine drug treatment was ineffective in
28 patients with intestinal BD, and the clinical effective rate
was 64.8% after 4 weeks of infliximab treatment (119). Further
randomized prospective trials are necessary to confirm these
findings, although there is evidence that TNF-α antagonists
therapy for intestinal BD is effective (120). More recently,
accumulating studies have reported the use of agents that target
interleukins and their receptors, such as IL-1 blockers (anakinra
and canakinumab), an IL-6 blocker (tocilizumab), an IL-17
blocker (secukinumab), and a monoclonal antibody targeting
IL-12/IL-23 (ustekinumab) (121, 122). In a recent phase 2
study, an oral phosphodiesterase 4 inhibitor, apremilast, was
found to be very effective in inhibiting oral ulcers (123). For the
management of BD, recent studies have shown that apremilast,
anakinra, and ustekinumab are effective for the treatment
of refractory mucocutaneous involvement. New data from a
series of cases confirmed the effectiveness and safety of TNF-α
inhibitors in the treatment of refractory disease in major organs.
For refractory ocular disease, a long-term follow-up study also
confirmed the efficacy and safety of IFN-α. IL-1 inhibitors and

tocilizumab appear to be alternatives for patients with refractory
ocular involvement (124).

CONCLUSION

Although the etiology of BD is still unclear, advances in genetics
and immunology have led to a better understanding of the
immunopathogenesis of BD. Infection-related trigger factors
are believed to be involved in the development of BD in
patients with a genetic predisposition. The HLA-B∗51 allele
and variants in IL-10 and at the IL-23–IL-12RB2 locus are
the known genetic factors most closely associated with BD.
Trigger factors include bacterial infections, viral infections and
abnormal autoantigens (such as HSPs, S antigen, and IRBP).
Subsequently, the innate and adaptive immune systems are
activated by these trigger factors, resulting in the production of
numerous cytokines and chemokines to counteract the antigens
and autoantigens. In the innate immune system, NK cells,
γ δ T cells and neutrophils are the primary cells involved in
the pathogenesis of BD. NK cells not only play a cytotoxic
role in infected cells and tumor cells but also regulate the
function of other immune cells, including DCs and T cells,
through the secretion of cytokines. BD is characterized by
venous thrombosis, aneurysms and occlusions. Histopathological
analysis has shown that arteries and veins are infiltrated
by neutrophils and lymphocytes, which results in vascular
endothelial dysfunction. Endothelial dysfunction and neutrophil
vascular inflammation are key factors mediating thrombosis in
patients with BD. CD4+ T cells, including Th1, Th2, Th17, Th22,
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and Treg cells, and related cytokines in the adaptive immune
system play key roles in the pathogenesis of BD, and cytokines
undoubtedly play a vital role in the initiation and perpetuation
of BD. A better understanding of the mechanisms associated
with inflammatory responses and adaptive immune system
regulation in BD promotes the development of biotherapies.
The clinical application of these biologic agents and their
good therapeutic effects in BD are based on our in-depth
understanding of the immunopathogenesis of BD. Although
biologics to treat BD are expensive and most are still in clinical
trials, the treatment effect in patients with refractory BD is
worth anticipating.
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14. Ergun T, Ince Ü, Ekşioglu-Demiralp E, Direskeneli H, Gürbüz O, Gürses

L, et al. HSP 60 expression in mucocutaneous lesions of Behçet’s
disease. J Am Acad Dermatol. (2001) 45:904–9. doi: 10.1067/mjd.2001.
117728

15. Direskeneli H, Saruhan-Direskeneli G. The role of heat shock proteins in
Behcet’s disease. Clin Exp Rheumatol. (2003) 21:S44–8.

16. Birtas-Atesoglu E, Inanc N, Yavuz S, Ergun T, Direskeneli H. Serum levels of
free heat shock protein 70 and anti-HSP70 are elevated in Behçet’s disease.
Clin Exp Rheumatol. (2007) 26:S96–8.

17. Mahesh SP, Li Z, Buggage R, Mor F, Cohen IR, Chew EY, et al. Alpha
tropomyosin as a self-antigen in patients with Behçet’s disease. Clin Exp

Immunol. (2005) 140:368–75. doi: 10.1111/j.1365-2249.2005.02760.x

18. Adamus G, Chan C-C. Experimental autoimmune uveitides:
multiple antigens, diverse diseases. Int Rev Immunol. (2002) 209–29.
doi: 10.1080/08830180212068

19. Takeuchi M, Usui Y, Okunuki Y, Zhang L, Ma J, Yamakawa N, et al. Immune
responses to interphotoreceptor retinoid-binding protein and S-antigen in
Behçet’s patients with uveitis. Invest Ophthalmol Vis Sci. (2010) 51:3067–75.
doi: 10.1167/iovs.09-4313

20. Zhao C, Yang P, He H, Lin X, Li B, Zhou H, et al. S-antigen specific T helper
type 1 response is present in Behcet’s disease.Mol Vis. (2008) 14:1456–64.

21. Moretta A, Marcenaro E, Parolini S, Ferlazzo G, Moretta L. NK cells at the
interface between innate and adaptive immunity. Cell Death Diff. (2007)
15:226. doi: 10.1038/sj.cdd.4402170

22. Tian Z, GershwinME, Zhang C. Regulatory NK cells in autoimmune disease.
J Autoimmun. (2012) 39:206–15. doi: 10.1016/j.jaut.2012.05.006

23. Cooper MA, Fehniger TA, Turner SC, Chen KS, Ghaheri BA, Ghayur T, et al.
Human natural killer cells: a unique innate immunoregulatory role for the
CD56bright subset. Blood. (2001) 97:3146. doi: 10.1182/blood.V97.10.3146

24. French AR, YokoyamaWM. Natural killer cells and autoimmunity. Arthritis
Res Ther. (2003) 6:8. doi: 10.1186/ar1034

25. Hasan MS, Ryan PL, Bergmeier LA. Circulating NK cells and their
subsets in Behcet’s disease. Clin Exp Immunol. (2017) 188:311–22.
doi: 10.1111/cei.12939

26. Erten G, Kucuksezer UC, Deniz G. Natural killer cells: versatile roles in
autoimmune and infectious diseases. Expert Rev Clin Immunol. (2009)
5:405–20. doi: 10.1586/eci.09.27

27. Kucuksezer UC, Aktas-Cetin E, Bilgic-Gazioglu S, Tugal-Tutkun I, Gul A,
Deniz G. Natural killer cells dominate a Th-1 polarised response in Behcet’s
disease patients with uveitis. Clin Exp Rheumatol. (2015) 33:S24–9.

28. Cosan F, Aktas Cetin E, Akdeniz N, Emrence Z, Cefle A, Deniz G. Natural
killer cell subsets and their functional activity in Behcet’s disease. Immunol

Invest. (2017) 46:419–32. doi: 10.1080/08820139.2017.1288240
29. Yamaguchi Y, Takahashi H, Satoh T, Okazaki Y, Mizuki N, Takahashi K, et al.

Natural killer cells control a T-helper 1 response in patients with Behçet’s
disease. Arthritis Res Ther. (2010) 12:R80. doi: 10.1186/ar3005

30. Chien Y-H, Meyer C, Bonneville M. γδ T cells: first line of
defense and beyond. Ann Rev Immunol. (2014) 32:121–55.
doi: 10.1146/annurev-immunol-032713-120216

31. Eberl M, Moser B. Monocytes and γδ T cells: close encounters in microbial
infection. Trends Immunol. (2009) 30:562–8. doi: 10.1016/j.it.2009.09.001

32. Nian H, Shao H, O’Brien RL, Born WK, Kaplan HJ, Sun D. Activated
γδ T cells promote the activation of uveitogenic T cells and exacerbate
EAU development. Invest Ophthalmol Vis Sci. (2011) 52:5920–7.
doi: 10.1167/iovs.10-6758

33. Sutton CE, Lalor SJ, Sweeney CM, Brereton CF, Lavelle EC, Mills KHG.
Interleukin-1 and IL-23 induce innate IL-17 production from γδ T cells,
amplifying Th17 responses and autoimmunity. Immunity. (2009) 31:331–41.
doi: 10.1016/j.immuni.2009.08.001

34. Verjans GMGM, Martin van Hagen P, van der Kooi A, Osterhaus ADME,
Seerp Baarsma G. Vγ9Vδ2 T cells recovered from eyes of patients with
Behçet’s disease recognize non-peptide prenyl pyrophosphate antigens. J
Neuroimmunol. (2002) 130:46–54. doi: 10.1016/S0165-5728(02)00208-4

Frontiers in Immunology | www.frontiersin.org 9 March 2019 | Volume 10 | Article 665

https://doi.org/10.1016/j.jaut.2009.02.011
https://doi.org/10.1016/j.preteyeres.2007.09.002
https://doi.org/10.1016/j.autrev.2011.11.026
https://doi.org/10.3109/09273948.2011.634978
https://doi.org/10.1002/art.24642
https://doi.org/10.1038/ng.625
https://doi.org/10.1080/13543784.2016.1181751
https://doi.org/10.1016/j.autrev.2011.12.005
https://doi.org/10.1155/2014/653539
https://doi.org/10.1136/ard.2003.017467
https://doi.org/10.1080/00365540410020730
https://doi.org/10.1067/mjd.2001.117728
https://doi.org/10.1111/j.1365-2249.2005.02760.x
https://doi.org/10.1080/08830180212068
https://doi.org/10.1167/iovs.09-4313
https://doi.org/10.1038/sj.cdd.4402170
https://doi.org/10.1016/j.jaut.2012.05.006
https://doi.org/10.1182/blood.V97.10.3146
https://doi.org/10.1186/ar1034
https://doi.org/10.1111/cei.12939
https://doi.org/10.1586/eci.09.27
https://doi.org/10.1080/08820139.2017.1288240
https://doi.org/10.1186/ar3005
https://doi.org/10.1146/annurev-immunol-032713-120216
https://doi.org/10.1016/j.it.2009.09.001
https://doi.org/10.1167/iovs.10-6758
https://doi.org/10.1016/j.immuni.2009.08.001
https://doi.org/10.1016/S0165-5728(02)00208-4
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Tong et al. Immunopathogenesis of Behcet’s Disease

35. Lafont V, Liautard J, Sable-TeycheneM, Sainte-Marie Y, Favero J. Isopentenyl
pyrophosphate, a mycobacterial non-peptidic antigen, triggers delayed and
highly sustained signaling in human gamma delta T lymphocytes without
inducing eown-modulation of T cell antigen receptor. J Biol Chem. (2001)
276:15961–7. doi: 10.1074/jbc.M008684200

36. Clemente Ximenis A, Crespi Bestard C, Cambra Conejero A,
Pallares Ferreres L, Juan Mas A, Olea Vallejo JL, et al. In vitro

evaluation of gammadelta T cells regulatory function in Behcet’s
disease patients and healthy controls. Hum Immunol. (2016) 77:20–8.
doi: 10.1016/j.humimm.2015.10.001

37. Parlakgul G, Guney E, Erer B, Kilicaslan Z, Direskeneli H, Gul A,
et al. Expression of regulatory receptors on γδ T Cells and their
cytokine production in Behcet’s disease. Arthritis Res Ther. (2013) 15:R15.
doi: 10.1186/ar4147

38. Nathan C. Neutrophils and immunity: challenges and opportunities.Nat Rev
Immunol. (2006) 6:173. doi: 10.1038/nri1785

39. Eksioglu-Demiralp E, Direskeneli H, Kibaroglu A, Yavuz S, Ergun T,
Akoglu T. Neutrophil activation in Behcet’s disease. Clin Exp Rheumatol.

(2001) 19:S19–24.
40. Yazici C, Kose K, CaliS M, Demir M, Kirnap M, AteS F. Increased

advanced oxidation protein products in Behçet’s disease: a new activity
marker? Br J Dermatol. (2004) 151:105–11. doi: 10.1111/j.1365-2133.2004.
06003.x

41. Neves FS, Spiller F. Possible mechanisms of neutrophil activation
in Behçet’s disease. Int Immunopharmacol. (2013) 17:1206–10.
doi: 10.1016/j.intimp.2013.07.017

42. Keller M, Spanou Z, Schaerli P, Britschgi M, Yawalkar N, Seitz M, et al.
T cell-regulated neutrophilic inflammation in autoinflammatory diseases. J
Immunol. (2005) 175:7678–86. doi: 10.4049/jimmunol.175.11.7678

43. Kobayashi M, Ito M, Nakagawa A, Matsushita M, Nishikimi N,
Sakurai T, et al. Neutrophil and endothelial cell activation in the vasa
vasorum in vasculo-Behçet disease. Histopathology. (2001) 36:362–71.
doi: 10.1046/j.1365-2559.2000.00859.x

44. Becatti M, Emmi G, Silvestri E, Bruschi G, Ciucciarelli L, Squatrito
D, et al. Neutrophil activation promotes fibrinogen oxidation and
thrombus formation in Behçet disease. Circulation. (2016) 133:302–11.
doi: 10.1161/CIRCULATIONAHA.115.017738

45. Aridogan BC, Yildirim M, Baysal V, Inaloz HS, Baz K, Kaya S. Serum levels
of IL-4, IL-10, IL-12, IL-13 and IFN-gamma in Behçet’s disease. J Dermatol.

(2003) 30:602–7. doi: 10.1111/j.1346-8138.2003.tb00442.x
46. Ahn JK, Yu HG, Chung H, Park YG. Intraocular cytokine environment

in active Behcet uveitis. Am J Ophthalmol. (2006) 142:429–34.
doi: 10.1016/j.ajo.2006.04.016

47. Horai R, Caspi RR. Cytokines in autoimmune uveitis. J Interferon Cytokine

Res. (2011) 31:733–44. doi: 10.1089/jir.2011.0042
48. El-Asrar AMA, Struyf S, Kangave D, Al-Obeidan SS, Opdenakker G, Geboes

K, et al. Cytokine profiles in aqueous humor of patients with different
clinical entities of endogenous uveitis. Clin Immunol. (2011) 139:177–84.
doi: 10.1016/j.clim.2011.01.014

49. Oztas MO, Onder M, Gurer MA, Bukan N, Sancak B. Serum interleukin
18 and tumour necrosis factor-α levels are increased in Behcet’s
disease. Clin Exp Dermatol. (2005) 30:61–3. doi: 10.1111/j.1365-2230.2004.
01684.x

50. Musabak U, Pay S, Erdem H, Simsek I, Pekel A, Dinc A, et al.
Serum interleukin-18 levels in patients with Behçet’s disease. Is its expression
associated with disease activity or clinical presentations? Rheumatol Int.

(2006) 26:545–50.
51. Singh RP, Hasan S, Sharma S, Nagra S, Yamaguchi DT, Wong DTW, et al.

Th17 cells in inflammation and autoimmunity. Autoimmun Rev. (2014)
13:1174–81. doi: 10.1016/j.autrev.2014.08.019

52. Chi W, Zhu X, Yang P, Liu X, Lin X, Zhou H, et al. Upregulated IL-23 and
IL-17 in Behçet patients with active uveitis. Invest Ophthalmol Vis Sci. (2008)
49:3058–64. doi: 10.1167/iovs.07-1390

53. Nanke Y, Yago T, Kotake S. The role of Th17 cells in the pathogenesis of
Behcet’s disease. J Clin Med. (2017) 6:E74. doi: 10.3390/jcm6070074

54. Hamzaoui K, Bouali E, Ghorbel I, Khanfir M, Houman H, Hamzaoui A.
Expression of Th-17 and RORγt mRNA in Behçet’s disease.Med Sci Monitor.

(2011) 17:CR227–34. doi: 10.12659/MSM.881720

55. Jiang Z, Yang P, Hou S, Du L, Xie L, Zhou H, et al. IL-23R gene confers
susceptibility to Behcet’s disease in a Chinese Han population. Ann Rheum

Dis. (2010) 69:1325. doi: 10.1136/ard.2009.119420
56. Langrish CL, Chen Y, BlumenscheinWM,Mattson J, BashamB, Sedgwick JD,

et al. IL-23 drives a pathogenic T cell population that induces autoimmune
inflammation. J Exp Med. (2005) 201:233–40. doi: 10.1084/jem.200
41257

57. Zhou L, Ivanov II, Spolski R, Min R, Shenderov K, Egawa T, et al.
IL-6 programs TH-17 cell differentiation by promoting sequential
engagement of the IL-21 and IL-23 pathways. Nat Immunol. (2007)
8:967. doi: 10.1038/ni1488

58. Sonmez C, Yucel AA, Yesil TH, Kucuk H, Sezgin B, Mercan R,
et al. Correlation between IL-17A/F, IL-23, IL-35 and IL-12/-23
(p40) levels in peripheral blood lymphocyte cultures and disease
activity in Behcet’s patients. Clin Rheumatol. (2018) 10:2797–804.
doi: 10.1007/s10067-018-4049-7

59. Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17
and Th17 Cells. Ann Rev Immunol. (2009) 27:485–517.
doi: 10.1146/annurev.immunol.021908.132710

60. Zeng R, Spolski R, Finkelstein SE, Oh S, Kovanen PE, Hinrichs CS,
et al. Synergy of IL-21 and IL-15 in regulating CD8+ T cell expansion
and function. J Exp Med. (2005) 201:139–48. doi: 10.1084/jem.200
41057

61. Kasaian MT, Whitters MJ, Carter LL, Lowe LD, Jussif JM, Deng B, et al. IL-
21 limits NK cell responses and promotes antigen-specific T cell activation:
a mediator of the transition from innate to adaptive immunity. Immunity.

(2002) 16:559–69. doi: 10.1016/S1074-7613(02)00295-9
62. Ozaki K, Spolski R, Ettinger R, Kim H-P, Wang G, Qi C-F, et al.

Regulation of B cell differentiation and plasma cell generation by IL-21,
a novel inducer of Blimp-1 and Bcl-6. J Immunol. (2004) 173:5361–71.
doi: 10.4049/jimmunol.173.9.5361

63. Brandt K, Bulfone-Paus S, Foster DC, Rückert R. Interleukin-21 inhibits
dendritic cell activation and maturation. Blood. (2003) 102:4090–8.
doi: 10.1182/blood-2003-03-0669

64. Wang L, Yu CR, Kim HP, Liao W, Telford WG, Egwuagu CE, et al. Key
role for IL-21 in experimental autoimmune uveitis. Proc Natl Acad Sci USA.

(2011) 108:9542–7. doi: 10.1073/pnas.1018182108
65. Leung S, Liu X, Fang L, Chen X, Guo T, Zhang J. The cytokine milieu in the

interplay of pathogenic Th1/Th17 cells and regulatory T cells in autoimmune
disease. Cell Mol Immunol. (2010) 7:182. doi: 10.1038/cmi.2010.22

66. Kim J, Park JA, Lee EY, Lee YJ, Song YW, Lee EB. Imbalance of Th17 to Th1
cells in Behcet’s disease. Clin Exp Rheumatol. (2010) 28 (4 Suppl. 60):S16–9.

67. Geri G, Terrier B, Rosenzwajg M, Wechsler B, Touzot M, Seilhean
D, et al. Critical role of IL-21 in modulating Th17 and regulatory
T cells in Behcet disease. J Allergy Clin Immunol. (2011) 128:655–64.
doi: 10.1016/j.jaci.2011.05.029

68. Direskeneli H, Fujita H, Akdis CA. Regulation of TH17 and regulatory T cells
in patients with Behcet disease. J Allergy Clin Immunol. (2011) 128:665–6.
doi: 10.1016/j.jaci.2011.07.008

69. Noack M, Miossec P. Th17 and regulatory T cell balance in autoimmune
and inflammatory diseases. Autoimmun Rev. (2014) 13:668–77.
doi: 10.1016/j.autrev.2013.12.004

70. Duhen T, Geiger R, Jarrossay D, Lanzavecchia A, Sallusto F. Production of
interleukin 22 but not interleukin 17 by a subset of human skin-homing
memory T cells. Nat Immunol. (2009) 10:857. doi: 10.1038/ni.1767

71. Yang X, Zheng SG. Interleukin-22: a likely target for treatment
of autoimmune diseases. Autoimmun Rev. (2014) 13:615–20.
doi: 10.1016/j.autrev.2013.11.008

72. Zhang N, Pan H-F, Ye D-Q. Th22 in inflammatory and autoimmune disease:
prospects for therapeutic intervention. Mol Cell Biochem. (2011) 353:41–6.
doi: 10.1007/s11010-011-0772-y

73. Sugita S, Kawazoe Y, Imai A, Kawaguchi T, Horie S, Keino H, et al. Role
of IL-22- and TNF-alpha-producing Th22 cells in uveitis patients with
Behcet’s disease. J Immunol. (2013) 190:5799–808. doi: 10.4049/jimmunol.
1202677

74. Cai T, Wang Q, Zhou Q, Wang C, Hou S, Qi J, et al. Increased expression of
IL-22 is associated with disease activity in Behcet’s disease. PLoS ONE. (2013)
8:e59009. doi: 10.1371/journal.pone.0059009

Frontiers in Immunology | www.frontiersin.org 10 March 2019 | Volume 10 | Article 665

https://doi.org/10.1074/jbc.M008684200
https://doi.org/10.1016/j.humimm.2015.10.001
https://doi.org/10.1186/ar4147
https://doi.org/10.1038/nri1785
https://doi.org/10.1111/j.1365-2133.2004.06003.x
https://doi.org/10.1016/j.intimp.2013.07.017
https://doi.org/10.4049/jimmunol.175.11.7678
https://doi.org/10.1046/j.1365-2559.2000.00859.x
https://doi.org/10.1161/CIRCULATIONAHA.115.017738
https://doi.org/10.1111/j.1346-8138.2003.tb00442.x
https://doi.org/10.1016/j.ajo.2006.04.016
https://doi.org/10.1089/jir.2011.0042
https://doi.org/10.1016/j.clim.2011.01.014
https://doi.org/10.1111/j.1365-2230.2004.01684.x
https://doi.org/10.1016/j.autrev.2014.08.019
https://doi.org/10.1167/iovs.07-1390
https://doi.org/10.3390/jcm6070074
https://doi.org/10.12659/MSM.881720
https://doi.org/10.1136/ard.2009.119420
https://doi.org/10.1084/jem.20041257
https://doi.org/10.1038/ni1488
https://doi.org/10.1007/s10067-018-4049-7
https://doi.org/10.1146/annurev.immunol.021908.132710
https://doi.org/10.1084/jem.20041057
https://doi.org/10.1016/S1074-7613(02)00295-9
https://doi.org/10.4049/jimmunol.173.9.5361
https://doi.org/10.1182/blood-2003-03-0669
https://doi.org/10.1073/pnas.1018182108
https://doi.org/10.1038/cmi.2010.22
https://doi.org/10.1016/j.jaci.2011.05.029
https://doi.org/10.1016/j.jaci.2011.07.008
https://doi.org/10.1016/j.autrev.2013.12.004
https://doi.org/10.1038/ni.1767
https://doi.org/10.1016/j.autrev.2013.11.008
https://doi.org/10.1007/s11010-011-0772-y
https://doi.org/10.4049/jimmunol.1202677
https://doi.org/10.1371/journal.pone.0059009
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Tong et al. Immunopathogenesis of Behcet’s Disease

75. Aktas Cetin E, Cosan F, Cefle A, Deniz G. IL-22-secreting Th22 and IFN-
gamma-secreting Th17 cells in Behcet’s disease. Modern Rheumatol. (2014)
24:802–7. doi: 10.3109/14397595.2013.879414

76. Sawant DV, Vignali DAA. Once a treg, always a treg? Immunol Rev. (2014)
259:173–91. doi: 10.1111/imr.12173

77. Campbell DJ, Koch MA. Phenotypic and functional specialization of
FOXP3+ regulatory T cells. Nat Rev Immunol. (2011) 11:119–30.
doi: 10.1038/nri2916

78. Guo J, Zhou X. Regulatory T cells turn pathogenic. Cell Mol Immunol. (2015)
12:525–32. doi: 10.1038/cmi.2015.12

79. Hamzaoui K, Borhani Haghighi A, Ghorbel IB, Houman H. RORC
and Foxp3 axis in cerebrospinal fluid of patients with Neuro-Behcet’s
disease. J Neuroimmunol. (2011) 233:249–53. doi: 10.1016/j.jneuroim.2011.
01.012

80. Li Z, Li D, Tsun A, Li B. FOXP3+ regulatory T cells and their functional
regulation. Cell Mol Immunol. (2015) 12:558–65. doi: 10.1038/cmi.2015.10

81. Saraiva M, O’Garra A. The regulation of IL-10 production by immune cells.
Nat Rev Immunol. (2010) 10:170. doi: 10.1038/nri2711

82. Takeuchi M, Kastner DL, Remmers EF. The immunogenetics of Behçet’s
disease: a comprehensive review. J Autoimmun. (2015) 64:137–48.
doi: 10.1016/j.jaut.2015.08.013

83. Qiao Y-C, Pan Y-H, Ling W, Tian F, Chen Y-l, Zhang X-X, et al. The
Yin and Yang of regulatory T cell and therapy progress in autoimmune
disease. Autoimmun Rev. (2017) 16:1058–70. doi: 10.1016/j.autrev.2017.
08.001

84. Ghasemi H, Ghazanfari T, Yaraee R, Owlia P, Hassan ZM, Faghihzadeh S.
Roles of IL-10 in ocular inflammations: a review. Ocular Immunol Inflamm.

(2012) 20:406–18. doi: 10.3109/09273948.2012.723109
85. Saadoun D, Bodaghi B, Bienvenu B, Wechsler B, Sene D, Trad S,

et al. Biotherapies in inflammatory ocular disorders: interferons,
immunoglobulins, monoclonal antibodies. Autoimmun Rev. (2013)
12:774–83. doi: 10.1016/j.autrev.2013.02.002

86. Touzot M, Cacoub P, Bodaghi B, Soumelis V, Saadoun D. IFN-α induces IL-
10 production and tilt the balance between Th1 and Th17 in Behçet disease.
Autoimmun Rev. (2015) 14:370–5. doi: 10.1016/j.autrev.2014.12.009

87. Liu X, Yang P,Wang C, Li F, Kijlstra A. IFN-alpha blocks IL-17 production by
peripheral bloodmononuclear cells in Behcet’s disease.Rheumatology. (2011)
50:293–8. doi: 10.1093/rheumatology/keq330

88. Choi J, Leung PSC, Bowlus C, Gershwin ME. IL-35 and autoimmunity: a
comprehensive perspective. Clin Rev Allergy Immunol. (2015) 49:327–32.
doi: 10.1007/s12016-015-8468-9

89. Egwuagu CE, Yu C-R, Sun L, Wang R. Interleukin 35: critical regulator of
immunity and lymphocyte-mediated diseases. Cytokine Growth Factor Rev.

(2015) 26:587–93. doi: 10.1016/j.cytogfr.2015.07.013
90. Su L-C, Liu X-Y, Huang A-F, Xu W-D. Emerging role of IL-35 in

inflammatory autoimmune diseases. Autoimmun Rev. (2018) 7:665–73.
doi: 10.1016/j.autrev.2018.01.017

91. Wakefield D, Lloyd A. The role of cytokines in the
pathogenesis of inflammatory eye disease. Cytokine. (1992) 4:1–5.
doi: 10.1016/1043-4666(92)90028-P

92. Karasneh J, Hajeer AH, Barrett J, Ollier WER, Thornhill M, Gul A.
Association of specific interleukin 1 gene cluster polymorphisms with
increased susceptibility for Behcet’s disease. Rheumatology. (2003) 42:860–4.
doi: 10.1093/rheumatology/keg232R

93. Talaat RM, Ashour ME, Bassyouni IH, Raouf AA. Polymorphisms
of interleukin 6 and interleukin 10 in Egyptian people with Behcet’s
disease. Immunobiology. (2014) 219:573–82. doi: 10.1016/j.imbio.2014.
03.004

94. Touma Z, Farra C, Hamdan A, ShamseddeenW, Uthman I, Hourani H, et al.
TNF polymorphisms in patients with Behcet disease: a meta-analysis. Arch
Med Res. (2010) 41:142–6. doi: 10.1016/j.arcmed.2010.02.002

95. Ho L-J, Luo S-F, Lai J-H. Biological effects of interleukin-6: clinical
applications in autoimmune diseases and cancers. Biochem Pharmacol.

(2015) 97:16–26. doi: 10.1016/j.bcp.2015.06.009
96. Zhou L, Lopes JE, Chong MMW, Ivanov II, Min R, Victora GD,

et al. TGF-β-induced Foxp3 inhibits TH17 cell differentiation by
antagonizing RORγt function. Nature. (2008) 453:236. doi: 10.1038/nature
06878

97. Yang L, Anderson DE, Baecher-Allan C, Hastings WD, Bettelli E, Oukka M,
et al. IL-21 and TGF-β are required for differentiation of human TH17 cells.
Nature. (2008) 454:350. doi: 10.1038/nature07021

98. Akman-Demir G, Tüzün E, Içöz S, Yeşilot N, Yentür SP, Kürtüncü
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