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Abstract

There is an increasing amount of evidence suggesting the importance of CD4* T cells, particularly IL-17-producing
helper T cells (Th17), in the pathology of rheumatoid diseases such as rheumatoid arthritis. In various mouse
models, arthritis has been reported to be markedly decreased because of IL-17 deficiency. Genetic polymorphisms
in Th17 and Th17-related cytokines have also been reported in association with human rheumatoid diseases. This
review summarizes the role of Th17 in mouse and human joint pathology and discusses the role of Th17 cells in the
pathology of rheumatoid arthritis, psoriasis, psoriatic arthritis, and Behcet's disease. Th17 cells play a significant role
in the main pathology of these diseases. They are involved in the onset of arthritis and articular bone destruction due
to osteoclastogenesis in rheumatoid arthritis. They are also involved in acanthosis and parakeratosis of the skin in
psoriasis and migration and activation of neutrophils in Behcet's disease. Therefore, Th17 cells may have significant

potential to function as therapeutic targets for these diseases.
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Introduction

Helper T cells (Th cells), which can be called the control tower of
the acquired immune system, are classified into two types according to
the cytokines they produce [1]. Th1 cells mainly produce interferon-y
(IFN-y), while Th2 cells produce interleukin IL-4 and IL-5. Although
both differentiate from naive Th cells, the former initiates activation of
macrophages and cytotoxic T cells and is involved in the elimination of
cell parasites, whereas the latter is mainly involved in the elimination of
extracellular parasites via antibody production by the innate immune
response. IFN-y produced by Th1 cells suppresses differentiation into
Th2 cells; conversely, Th2 cytokines block differentiation into Th1 cells.
In other words, these cells have exclusive properties. Once the immune
response balance in a living organism leans toward either Th1 or Th2,
this tendency is increasingly reinforced via positive feedback.

This process can also be applied to undesirable immune responses
(broadly termed allergies) in living organisms because the Th1 response
is considered to be responsible for delayed hypersensitivity reactions
and organ-specific autoimmune diseases while the Th2 response is
thought to be responsible for systemic autoimmune diseases.

Inconsistencies in the Th1/Th2 Hypothesis

RA is the most common autoimmune disease and was first proposed
asa Th1-type disease in the 1990s. In fact, IFN-y, the representative Th1

cytokine, and IL-12, which is necessary for differentiation to Thl cells,
are being increasingly detected in specimens from RA patients [2,3].
However, phenomena that cannot be explained by this hypothesis have
been indicated, with reports of barely any IFN-orbeing detected in RA
synovium [4,5]. Also, a study indicated that IFN-y administration was
effective in RA treatment [6,7]. This clinical study continued into the
1990s, but results eventually indicated that the effects were insufficient
because no statistically significant improvements were observed [8,9].
The use of IFN-y, which has various side effects such as fever and
depression, in RA treatment is therefore not recommended. However,
if RA was truly a Thl disease, IFN-y administration should actually
worsen symptoms in RA patients. Furthermore, collagen-induced
arthritis (CIA), said to be an animal model of RA, worsened in IFN-y
receptor-deficient mice [10,11] and IFN-y knockout mice [12].

Furthermore, Takayanagi et al. focused on research in osteoclasts,
which are multinucleated cells differentiated from macrophages and
involved in bone resorption, and reported in 2000 that even trace
amounts of IFN-y strongly suppressed osteoclast differentiation
[13]. These results suggest that if RA is a Thl disease, osteoclast
differentiation would be suppressed and bone destruction would be
less likely. However, bone destruction is actually a significant clinical
problem in RA. Therefore, the Th1/Th2 cell mechanism is an important
theme in the field of immunology. However, while various evidences
have been collected from mouse models and human clinical studies and
from the viewpoint of osteoimmunity, numerous inconsistencies have
been reported.
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Th 17 Discovery in Arthritis Pathology

IL-17 has been detected in the synovial fluid of RA patients and was
reported in 1999 as a cytokine that promotes osteoclast differentiation
[14]. Also, CIA was reportedly attenuated in IL-17-deficient mice [15].
In 2005, a new IL-17-producing Th cell subset, called Th17 cells, was
reported [16-18]. Th17 cells characteristically produce IL-17A, IL-17F,
IL-21, and IL-22, and they undergo induced differentiation from naive
CD4" T cells with transforming growth factor beta (TGF-B) and IL-6
or IL-21. IL-1p and IL-23 also play important roles in proliferation and
survival, whereas IL-6, IL-21, and IL-23 induce expression of retinoic
acid receptor-related orphan receptor-yt (RORyt), which acts as the
master regulator of Th17 via phosphorylation of signal transducer and
activator of transcription 3 (STAT3), a transcription factor.

Th17 cells were first detected in mice as a new subset of CD4* helper
T cells. However, they do not produce IFN-y or IL-4; therefore, they are
not Th1 or Th2 cells. It was subsequently clarified that the same Th17
cells detected in mice were also present in humans. Interestingly, an
analysis of IL-17-deficient mice [19] indicated that specific infectious
diseases and autoimmune pathologies such as autoimmune arthritis
[20], experimental autoimmune encephalomyelitis, and psoriasis
[21], which were previously thought to be regulated by Th1 cells, may
actually be regulated by Th17 cells.

The mouse Th17-specific transcription factor RORyt cooperates
with STAT?3 and induces IL-23 receptors, which play an important role
in Th17 support and amplification and promote IL-17 transcription. In
addition, Th17 differentiation is promoted by the forced expression of
RORyt [22].

Th17 cells have been widely recognized as an independent helper
T cell lineage because IFN-y produced by Thl cells and IL-4 produced
by Th2 cells both suppress Th17 differentiation, and, like T-bet in Th1
cells and transacting T-cell-specific transcription factor in Th2 cells,
the Th17-specific transcription factor RORyt was also subsequently
identified.

Human Th17 Cells

Thl7 cells were subsequently reported in humans, and it has
been confirmed that human Th17 cells also express the mouse RORyt
ortholog, RAR-related orphan receptor C [23]. Since the discovery of
Th17 cells, vigorous research has been conducted on their mechanism
of differentiation, and it appears that cytokine signals necessary for Th17
differentiation differ between humans and mice [24]. Differentiation of
mouse Th17 cells is induced by the exposure of naive CD4T cells to
antigens in the presence of TGF-p and IL-6. Although differentiation
induced by IL-23 was also initially indicated, it currently appears that
IL-23 is involved in maintaining the proliferation and function of
Th17 cells. However, IL-23 plays an important role in human Th17 cell
differentiation, and IL-23 and IL-1p are also often induced along with
antigen stimulation of naive CD4T cells. There is no fixed definitive
opinion regarding the role of TGF-p in human Th17 cell differentiation
because some reports stated that TGF-[ was unnecessary or suppressed
differentiation, while others found that TGF-f was essential to human
Th17 cell differentiation. Despite the fact that Th17 cell differentiation is
suppressed by IFN-y produced by Th1 cells, even when the first report
of human Th17 cells was made, the existence of CD4T cells, which
simultaneously produce IFN-y and IL-17 in living organisms, was
discovered [25]. In fact, IL-17 is reportedly generated from Th1 clones
and, prior to the discovery of Th17, was considered to be a cytokine
originating from Thl cells. Moreover, it has recently been found that

human Th17 cells transform into Th1 cells following IL-12 stimulation
[26]. Transformation of human regulatory T cells (Treg) cells into Th17
cells has also been indicated [27]. This instability in form and nature
of Th17 cells is currently the subject of vigorous research, and its
importance within living organisms should soon be clarified.

Th17-related Cytokines

IL-17 is an inflammatory cytokine that acts on a diverse range of
cells and induces the production of chemokines such as granulocyte
colony-stimulating factor (G-CSF) and IL-8. It also causes strong
inflammation, particularly because of the induction of neutrophils.
IL-17A is a homodimer glycoprotein comprising polypeptides with
a molecular mass of 21 kDa. IL-17 is a family of interleukins (IL-
17B, IL-17C, IL-17D, IL-17E (IL-25), and IL-17F) coded by six genes
that have been identified by subsequent homology searches [28]. As
explained below, IL-17 is important in phylaxis. It is known that the
aforementioned IL-17-producing CD4* helper T (Th17) cells play an
important role in various inflammatory and autoimmune diseases and
are garnering attention as possible therapeutic targets.

IL-17A acts on a wide range of cells, including fibroblasts, epithelial
cells, vascular endothelial cells, and macrophages, and induces
the inflammatory cytokine tumor necrosis factor-a (TNF-a) and
chemokines such as G-CSF and CXCL8 (IL-8). Therefore, it promotes
granulocyte synthesis and neutrophil activation and migration to
inflamed sites, thus promoting further inflammation. Previous studies
have clarified that in addition to inflammatory disorders, allergic
reactions, and defense mechanisms against bacterial infections, IL-
17A plays an important role in the pathology of various autoimmune
diseases such as RA.

IL-17A and IL-17F have the greatest homology within the IL-17
family (50% at the amino acid level), and both are produced by the
same Th17 cells and share the same receptors. Because IL-17A and IL-
17F are secreted by disulfide-bonded homodimers and heterodimers,
they are thought to have identical bioactivities. In fact, like IL-17A,
IL-17-F is known to induce IL-1 and IL-6, inflammatory cytokines
such as TNF-a, chemokines such as CXCLI, and the expression of
matrix metalloproteinase and antimicrobial peptides, through which
it is involved in inflammation induction and defense against bacterial
infections [28]. However, there are functional differences between IL-
17F and IL-17A because IL-17F has an inflammatory threshold lower
than that of IL-17A and because 1L-17F induces the production of
different cells [29].

As mentioned above, IL-17 cytokines are produced by activated
Th17 cells. However, it has become clear that various cells other than
the Th17 cell subset also produce IL-17A and IL-17F. In addition to
CD8* T cells, y8T, and natural killer (NK) T cells, IL-17A and IL-17F
are produced by lymphoid tissue inducer (LTi)-like cells, neutrophils,
monocytes, and NK cells of the innate immune system [30]. IL-17A
and IL17F are also produced by Paneth cells and intestinal epithelial
cells, respectively, both of which are nonimmune cells [29]. In order to
increase our understanding of the onset mechanisms of autoimmune
diseases and phylaxis mechanisms of various pathogens, it is important
to understand the roles of IL-17A and IL-17F produced by other cells
in the formation, role, and differentiation mechanisms of Th17 cells.

Th17 cells also produce IL-22, but many IL-22-producing T cells do
not produce IL-17 and do not belong to either the Th1 or Th2 subset.
Recently, IL-22-producing cells have been named Th22 cells [31] and
are thought to be particularly involved in skin inflammation. IL-22 is

Clinical, Cellular & Molecular Biology

J Clin Cell Immunol

of Autoimmune Disorders

ISSN:2155-9899 JCCI, an open access journal



Citation: Maeda S, Maeda T, Kobayashi A, Naniwa T, Tamechika S, et al. (2013) The Various Roles of Th17 cells and Th17-related Cytokines in
Pathophysiology of Autoimmune Arthritis and Allied Conditions. J Clin Cell Immunol S10: 008. doi:10.4172/2155-9899.510-008

Page 3 of 9

also produced from cells other than T cells. Endogenous IL-22 plays
an important role in proliferation of synoviocytes, inflammation, and
promoting osteoclastogenesis.

While IL-21 is a product of Th17 cells, even in humans, it also acts
on Th17 differentiation [32]. However, IL-21-producing T cells are not
limited to the Th17 subset [33]. Follicular T cells involved in antibody
production are particularly important IL-21-producing cells. IL-21 is
essential in the development of arthritis by mechanisms dependent
on follicular Th cells development, autoreactive B cell maturation,
RANKL induction of CD4 T cells, and fibroblast -like synoviocytes,
and osteoclastogenesis promotion (Table 1).

Regulatory T cells (Treg)

We have focused on Th17 cells and outlined how various cytokines
are involved in different stages of inflammation in arthritis. Because
Th17 cells produce various cytokines that act in many target cells,
simple targeting therapy for Th17 related cytokine, such as anti-
IL-17 neutralizing therapy, may cause insufficient effect. Therefore,
development of the method of targeting Th17 cell therapy is expected
most. The therapy utilizing Treg (regulatory T cells), which can suppress
various immune response including Th17-related inflammation, is one
of hopeful way.

The immune system swiftly recognizes exogenous antigens and
eliminates them while remaining tolerant to auto-tissue. The immune
system is diversely composed of T cell and B cell antigen receptors,
and it can recognize various exogenous antigens and auto-antigens.
Dangerous self-reactive T cells or B cell clones that recognize auto-
antigens are removed by a negative selection mechanism while the
thymus and bone marrow are in the undeveloped stage. However, these
self-reactive clones do not exhibit a perfect regulatory mechanism, and
peripheral self-reactive lymphocytes still exist in mature healthy animals
[34]. Recent studies have revealed that Treg cells are endogenous
immunosuppressors that exert inhibitory control over proliferation
and activation of self-reactive T cells in addition to maintaining
immunological self-tolerance.

Naturally occurring regulatory T (nTreg) cells are usually produced
in the thymus and exhibit various regulatory activities over immune
responses such as infection, tumor immunity, and graft-specific
immune tolerance. nTreg cells strongly express CD25 molecules (IL-
2 receptor a-chain) as specific cell surface markers [35]. They also
specifically express cytotoxic T lymphocyte-associated antigen 4,
glucocorticoid-induced tumor necrosis factor receptor-related protein,
a,B,-integrin, folate receptor 4 [36], and neuropilin-1 and specifically
and constantly express the transcription factor forkhead box P3(FoxP3)
[37]. Retroviruses can force the expression of FoxP3 in normal T cells

Cytokine | Target cells Function
IL-17A/F | neutrophil, macrophage, Recruitment to site of inflammation,
endothelial cell activation, and migration
osteoclast Promotion of osteoclastogenesis
synoviocyte Induction of proinflammatory
cytokine
IL-22 keratinocyte Induction of B-defensins, promotion
synoviocyte of epidermal hyperplasia
synovial fibroblast Proliferation
Induction of RANKL, promotion of
osteoclastogenesis
IL-21 B cell Antibody class switching
T cell Autoreactive B cell maturation
CD4 T cells and fibroblast-like | Tfhdevelopment
synoviocyte RANKL induction

Table 1: Th17 cytokines and their relation to arthritis pathology.

and bring about the same function as Treg cells. Therefore, it appears
that FoxP3 is the master regulatory gene for Treg cell generation,
differentiation, and regulatory function.

Furthermore, naive T cells also express FoxP3 in the peripheries
on receiving antigen stimulation in the presence of TGF-p, indicating
possible Treg cell differentiation in the peripheries [38]. These cells are
called inducible Treg cells (iTreg cells). However, FoxP3 expression
by TGF-B-induced iTreg cells is unstable and temporary. Moreover,
previously known iTreg cells include type 1 Treg cells, which produce
large quantities of IL-10, and Th3 cells, which produce large quantities
of TGF-p.

Th17/Treg cell Balance Control

Treg cells exhibit a wide range of immunosuppressive activities and
exert inhibitory control over various immune responses in addition
to autoimmunity. Meanwhile, Th17 cells play an important role in
autoimmune diseases, bacterial infections, and tumor immunity.
While these T cell subsets have conflicting inflammatory and anti-
inflammatory functions, TGF-p is essential for differentiation and
is dependent on the presence or absence of IL-6. Furthermore, the
transcription factors FOXP3 and RORyt determine the differentiation
of Treg and Th17 cells, respectively. Protein level interaction is thought
to occur between these two transcription factors, and the concept of
Th17/Treg cell balance is currently attracting attention. The mechanism
of Treg and Th17 cell differentiation has been clarified, and artificial
control of Th17/Treg cell balance may enable the regulation of various
immune disorders, including autoimmune pathology, tumor immunity,
and specific infectious diseases (Figure 1).

While RORytis strongly induced when IL-6 or IL-21 is simultaneously
present with TGF-f, expression of the Treg cell-specific transcription
factor FoxP3 is suppressed. In the initial stages of these differentiation
processes, FoxP3 and RORyt are simultaneously expressed, although
FoxP3 suppresses RORyt, which in turn inhibits IL-17 production [39].
Thatis, IL-6 and IL-21 obstruct differentiation to iTreg cells by suppressing
FoxP3 expression and promoting Th17 differentiation. FoxP3 and RORyt
are competitive and suppress one another.

Th17

RORyt/RORc

CD25 (IL-2 Ra}

Rclmou: acid

Treg cells are involved in immunity tolerance, whereas Th17 cells are involved
in inflammatory pathophysiology, such as autoimmune pathophysiology.
Treg cells are also functionally reciprocal T cell populations. However, some
commonalities have been observed in the differentiation mechanisms of Treg
and Th17 cells, such as the involvement of TGF-B-induced differentiation.
As shown, many factors reportedly control Treg/Th17 differentiation. If it is
possible to control this positive/negative immune response balance, it may
also be possible to control various immune diseases.

Figure 1: Treg cells and Th17 cells.
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In IL-2- or IL-2R subunit-deficient mice, T cells proliferate and
cause the onset of fatal conditions such as splenoma, lymphoma, and
enteritis [40]. Abnormalities in nTreg cells are also involved in activated
induced cell death abnormalities [41,42]. IL-2 is essential to nTreg cell
homeostasis, and, in IL-2 deficient mice, lack of peripheral nTreg cells
is thought to cause self-tolerance failure.

Meanwhile, IL-2 not only plays an important role in nTreg
homeostasis but also suppresses Th17 differentiation via STAT5 [43].
Th17 proliferation and activation is also thought to cause autoimmune
pathology in IL-2-deficient mice. Therefore, IL-2 is involved in Treg cell
homeostasis while suppressing differentiation into Th17 cells.

IL-23 is involved in the maintenance and proliferation of Th17 cells,
acts on cells differentiating into Th17 cells, and potentiates RORyt.
Th17 cells only induced by IL-6 and TGF-p actually produce IL-10
and suppress inflammation. However, because intrinsic Th17 effector
activity is induced by IL-23 [44], IL-23 is clearly strongly related not
only to Th17 maintenance but also to effector functions of Th17 cells
in immune diseases. There are also reports of IL-23-induced inhibition
of iTreg cell induction independent of Th17 cells, thus causing
inflammatory enteritis [45].

Retinoic acid is a metabolite of vitamin A, and it strongly induces
iTreg cell differentiation, suppresses Th17, and plays an important
role in regulating TGF-B-inducible Treg/Th17 cell differentiation
[46]. Retinoic acid also suppresses RORyt activity and blocks Th17
differentiation as a result of iTreg cell differentiation and strong FoxP3
induction. Promotion of iTreg cell differentiation by retinoic acid may
play an important role in tolerance to inflammatory diseases of the
digestive tract [47].

IL-17 and Th17 in Animal Arthritis Models

Various mouse autoimmune models, including those of type II CIA,
are believed to occur because of long-term Th1 autoimmune responses,
which have been indicated by disease resistance, particularly in IL-12
p40-deficient mice. However, in recent years, this has been reported to
be caused by a deficiency in IL-23, which shares the p40 subunit with
IL-12 [48]. IL-17 production was markedly decreased in IL-23-deficient
mice regardless of normal Th1 responses. Furthermore, the importance
of IL-17 was clarified by reports showing that CIA symptoms
became milder in IL-17-deficient mice and with anti-IL-17 antibody
administration [15,49]. However, it must be noted that IL-17 produced
by TCRyS T cells is involved in mouse CIA pathophysiology [50].
Reportedly, Th17 and IL-17 also play important roles in spontaneous
arthritis in SKG mice with variations in zeta-chain (T cell receptor)-
associated protein kinase, which is involved in T cell antigen receptor
signal transmission, and mice lacking IL-1Ra, which is an endogenous
IL-1 inhibitor [20,51].

Bone Destruction and Th17 cells in RA

Th17 cells significantly induced osteoclast differentiation in co-
cultures of osteoblasts and bone marrow cells. Th17 cells from IL-17-
deficient mice weakly exhibit osteoclast differentiation function. IL-
17 induces receptor activation of nuclear factor-kB ligand (RANKL)
expression in synovial cells, and Th17 cells induce RANKL expression
in osteoblasts via IL-17 production [52]. While Th17 cells cause
localized inflammation, produce IL-17, and induce RANKL in synovial
fibroblasts, Th17 cells also express RANKL. Therefore, Th17 cells induce
osteoclasts and are involved in bone destruction.

Th17 and Related Cytokines in Human RA

In addition to inducing the production of various inflammatory
cytokines and chemokines, IL-17 also induces joint inflammation
and destruction in RA, including cartilage degeneration through
protein fusion enzyme production and osteoclast induction through
increased RANKL expression (Figure 2). However, no remarkable
IL-17 production is observed in RA. IL-17 production in human RA
was detected by measuring IL-17 mRNA and IL-17 protein in synovial
tissue and fluid, but it was barely observed in osteoarthritis (OA),
which was used as a control [53]. However, these increases in IL-17
concentrations were not remarkable, and many papers have reported
IL-17 remaining at the same level [14,54-58]. IL-17 expression in
synovial tissue has also been reported as a possible prognostic factor
of joint destruction [59]. Moreover, IL-17 has been detected in serum,
albeit in small amounts, and shown to be present in higher levels in RA
patients than in healthy subjects [60]. Although Th17 cells appear in
the peripheral blood of RA patients and healthy subjects at the same
frequency, some reports have found no correlation to RA disease
activity [61,62], while others have reported increased levels of Th17
cells in RA patients [63]. The Th17 cell ratio in synovial fluid in RA is
also low, with overwhelmingly high levels of Th1 [61,64]. Although we
previously stated that various cells other than Th17 produce IL-17, it
has been reported that immunohistochemical analysis of local sites in
RA joints revealed few IL-17-producing T cells (Th17), most of which
were mastocytes [30]. Furthermore, expression of the chemokine
receptor CCR6 is a characteristic of Th17 cells that is common to both
humans and mice [65]. Also, Th17 cells naturally produce the CCR6
ligand, CCL20, which appears to be a positive feedback mechanism.
A correlation between CCR6 polymorphisms and RA has also been
reported [66]. Therefore, there is no unified view concerning IL-17
expression in RA, but the possibility remains that it plays an important
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Arthritis can occur in any one of these diseases, but the role of Th17 cells and
Th17-related cytokines in arthritis appears to differ according to disease. In
RA, Th17 cells may play an important role in the initial development of arthritis
and bone destruction caused by the induction of osteoclast formation, causing
subsequent arthritis mutilans, which is characteristic of RA. In psoriasis, Th17
and Th22 cells promote the cutaneous pathophysiology of acanthosis and
parakeratosis while inducing osteoclastogenesis in joints and progression
to osteoclastic arthropathy. Meanwhile, in Behcet's disease, Th17 and IL-23
abnormalities are involved in neutrophil migration and activation and form the
basis of the various pathophysiologies observed in Behcet's disease, which
exhibits a principally neutrophilic pathophysiology and sometimes appears to
cause the onset of arthritis.

Figure 2: The role of Th17 cells in rheumatoid arthritis (RA), psoriasis, and

Behcet's disease.
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role in the onset and initial phases of the disease because increased
levels have been confirmed in disease-modifying antirheumatic drug
(DMARD)-naive cases (before administering DMARDs) [67] and cases
with CCR6 polymorphisms.

In human clinical trials, blockade of IL-17 using a humanized
anti-IL-17 monoclonal antibody has been investigated in patients with
RA. Although the efficacy of anti-IL-17 therapy is considered inferior
than that of other anti-cytokine therapy, such as TNF-a, AIN457 and
LY2439821 improved clinical signs of RA with no strong adverse
effects, supporting the benefits of anti-IL-17 antibodies in RA [68,69].

However, it is a certain fact that IL-17 is crucial activators of host
defense. A number of pathogens induce Th17 responses, and Th17
cells can rapidly initiate an inflammatory response that is dominated
by neutrophils. Consequently, long-term use of anti-IL17 antibody may
cause increased susceptibility to infections.

Investigations on IL-23 have not yet confirmed a correlation
between RA and IL-23R polymorphisms [70]; furthermore, the
clinical effects of anti-IL-12/23p40 neutralizing antibodies have not
been clarified. Therefore, it appears that these have little relation with
RA pathophysiology. In groups of RA patients with bone erosion in
particular, IL-23p19 was detected in serum and synovial fluid. This
was reported to correlate to IL-17 concentration [71]. Serum IL-23
increases have been reversed by the administration of anti-TNF-q,
with no changes in IL-17 concentrations [72]. Meanwhile, Brentano
et al. reported that IL-23p19 expression increased more in synovial
membranes in RA than in synovial membranes in OA; however, p40
was barely expressed because it was produced as an IL-23 protein [73]. A
study by Hillyer et al. also reported that IL-23 was barely secreted from
synovial cells, whereas it was detected in cell lysates. In addition, when
anti-IL-23R antibodies were actually added to a synovium cell culture
in vitro, TNF-a and IL-1f production was inhibited. This inhibition
was significantly different from that induced by control antibodies [56].
Although no significant inhibition of II-6 production was observed and
the overall results appeared weak, these results suggest the potential of
IL-23 as a therapeutic target for RA. Synovial fibroblast proliferation
and increased MCP-1 production are known physiological effects of
IL-22; these effects may be involved in RA pathogenesis. Osteoclast
induction has also been demonstrated in mice [74]. While it has been
shown that IL-22-producing T cells were increased in the peripheral
blood of RA patients [67], Ikeuchi et al. observed IL-22 expression
in RA synovial membranes. However, many of these were synovial
fibroblasts and macrophages, and barely any co-staining was observed
for T cell markers and IL-22 [75].

Reportedly, the IL-2/IL21 loci are risk factors for RA [76]. Because
high IL-21 concentrations have been detected in the synovial fluid and
serum of RA patients [77], and because IL-21 is produced by follicular
helper T cells, it can be a potential therapeutic target for RA.

Psoriasis, Psoriatic Arthritis (PsA), and Th17 cells

Psoriasis is a common inflammatory keratosis characterized by
inflammation, telangiectasia, and hyperproliferation and differentiation
abnormalities in epidermal cells. It is sometimes complicated by
arthropathy. Evaluations of T cell inhibitory treatment in human
psoriasis patients has revealed that T cells play a particularly important
role in psoriasis pathophysiology. Because T cell activity inhibitors such
as cyclosporine, IL-2 toxin, and alefacept (human LFA-3 fusion protein)
have been successful in psoriasis treatment, it is clear that T cells are
deeply involved in psoriasis pathophysiology. Many previous reports

have stated that analyses of skin lesions from human psoriasis patients
have indicated the importance of the Th17/IL-23 axis in psoriasis [78].
Interestingly, IL12B, IL23R, and IL23A have been identified as psoriasis
disease-susceptibility genes, but gene polymorphisms themselves
suggest genetic predisposition to the IL-23/Th17 axis [79,80]. Th17 cells
also secrete IL-22 in addition to IL-17, and increased levels of IL-17
and IL-22 have been reported at psoriatic sites [81-84]. In particular,
Th22 cells are thought to be involved in inflammatory pathophysiology
of the skin. IL-23 cytokines are essential to effector Th17 function
and maintenance. Dermal myeloid dendritic cells produce IL-23 and
11-23p19 for the induced activation of Th17, which is involved in the
formation of lesion sites in psoriasis [85-89].

Cytokines, including IL-22, IL-9, and IL-20, which are produced by
Th17 and Th22 cells, activate STAT3, an epidermal keratinocyte, and
encourage migration and proliferation while suppressing differentiation
[82,90-92]. In human clinical trials, the administration of ustekinumab
and briakinumab, which are IL-12/23 p40 monoclonal antibodies,
led to a dramatic improvement in psoriasis [93-96]. Furthermore, IL-
23 concentration decreased along with adecrease in psoriatic clinical
symptoms after narrow-band ultraviolet-B (NB-UVB) treatment or
TNF-a inhibition, suggesting that excessive IL-23 production is related
to active psoriasis [97,98].

The success of anti-IL-12/23p40 antibodies against psoriasis is
because of the inhibition of the IL-23/Th17 axis. Likewise, TNF-a
inhibitors act on IL-23 production by dermal myeloid dendritic cells
and inhibit IL-23/Th17 signaling [99,100].

From an immunological viewpoint, PsA is more similar to
spondyloarthropathy (SpA) than RA, and it is caused by microbial
infections, activation of innate immunity, and enthesis mechanical
stress. Just as in the dermis of psoriasis skin lesions, CD4* activated
T cells significantly infiltrate the synovial membranes of PsA-inflamed
joints [101]. Fibroblasts and T cells in PsA synovial fluid induce
osteoclastogenesis, resorption, and joint destruction via interactions
between receptor activator of nuclear factor kB (RANK), its ligand
RANKL, TNF-a, and IL-7 [102]. As mentioned previously, IL-12/23p40
antibodies have been dramatically successful against psoriasis. A phase
II clinical trial investigating the effects of the IL-12/23p40 antibody,
ustekinumab, on arthritic diseases, indicated a significant difference
in the American College of Rheumatology (ACR) symptom criteria
ACR20, ACR50, and ACR70 [103]. This supports the pathological
roles of IL-23 in osteoclastogenesis potentiation and bone erosion
potentiation in PsA joint sites. Therefore, immune responses via IL-17
and IL-23 appear to play important roles in PsA.

Th17 and Behcet’s Disease Pathophysiology

Behcet’s disease is marked by systemic inflammation of an
unknown origin and recurrent aphthous ulceration of the oral mucosa,
eyes, skin, and vulva. It is a chronic disease with repeated episodes of
relapse and remission, and acute and subacute polyarthritis occurs
in half of all reported cases. Although Behcets disease resembles the
clinical features of other autoinflammatory diseases, the involvement
of specific autoantibodies or autoantigen-reactive T cells has not
been clarified. There are also treatment modalities that are common
between autoinflammatory diseases and Behcetse disease, such as Il-1f3
inhibition.

In autoinflammatory diseases, excessive IL-1B secretion induces
inflammation; therefore, IL-1f inhibitors present possible treatments.
In Behcet’s disease, increased serum IL-1B has been confirmed in
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active and inactive stages and effectively treated with IL-1f inhibitors
[104,105]. In fact, the efficacy of gevokizumab, a monoclonal antibody
for IL-1pB, has been demonstrated for Behcet’s disease [106]. Therefore,
I1-1P is anticipated to become a viable treatment target for refractory
Behcet’s disease.

Colchicine is also an effective treatment for both disease groups.
It has been shown to be effective not only against Behcet’s disease but
also in 80%-90% of familial Mediterranean fever (FMF) cases [107].
Inhibition of neutrophil migration is a representative mechanism
of colchicine action; however, of all the autoinflammatory diseases
characterized by neutrophil hyperfunctioning, colchicine is only
effective against FMF. Therefore, while Behcet’s disease appears to mainly
manifest via autoinflammatory pathophysiology, the effectiveness
of T cell immunosuppressants such as cyclosporine and tacrolimus
against lesions of the eye, intestinal tract, and central nervous system
in Behcets disease have suggested characteristics of an autoimmune
disease involving T cells. Although Behcet’s disease is considered a
Th1 autoimmune disease because of increased concentrations of Thl-
dominant cytokines, the role of Th17 has recently been investigated. As
mentioned previously, IL-1le of Th17 has recently creased ssants such
as cyclosporinhA recent, large-scale genomic analysis indicated that
IL-10 and IL23R polymorphisms were disease-susceptibility genes for
Behcet’s disease [108].

Th17 cells express the IL-23 receptor (IL-23R), and IL-17 production
is promoted by IL-23 stimulation [109].

A previous human studies have shown that higher IL-23, IL-17, and
IL-23 p19 mRNA in sera of BD patients with uveitis. Serum IL-23 values
correlate with worsened uveitis in Behcet’s disease, and enhanced IL-23
p19 mRNA expression has also been observed in erythema nodosum-
like lesions of BD patients [110-113].

More recently, the efficacy of neutralizing humanized anti-IL-
17A monoclonal antibody, AIN457, were investigated in patients with
uveitis [73]. This treatment improved symptoms of uveitis. Collectively,
IL-23/IL-17 pathway is associated with the active inflammation and
immunological aberrations of BD..

Functional modification by IL23R polymorphisms has been
indicated in hyperfunctioning of T cells. Moreover, IL-17 is strongly
involved in neutrophil migration, and excessive IL-17 concentrations
are believed to enhance neutrophilic function.

In the context of enhanced innate immunity (autoinflammatory
pathophysiology), Behcets disease appears to reflect a diverse range
of pathophysiologies, including autoimmune diseases caused by many
factors. Th17 and IL-17 maintain abnormally high concentrations
of serum IL-1p and IL-17 in the context of IL-17-related genetic
polymorphisms. Against this backdrop, Th17 and IL-17 may be
strongly involved in the enhancement of neutrophilic function, which
is the main pathophysiological feature of Behcet’s disease.

Conclusion

This paper primarily considered the role of Thl7 cells in
arthritis on the basis of evidence from human and mouse studies.
The role of Th1l7 in human arthritis differed according to illness.
In RA, Th17 and Thl7-related cytokines likely play important
roles in bone destruction by osteoclasts in early-stage and chronic
arthritis. In psoriasis, mainly Th17 and Th22 promote acanthosis and
parakeratosis while osteoclastogenesis is induced in the joints and
bone destruction progresses. Meanwhile, in Behcet’s disease, Th17 and

IL-23 abnormalities are involved in neutrophil migration, activation,
and inflammation, which are hallmarks of the disease. Interestingly,
Th17 cells likely play an important role in the main pathophysiology
(bone destruction in RA, cutaneous inflammation in psoriasis, and
neutrophilic inflammation in Behcet’s disease) of each of these three
diseases. Therefore, Thl7-targeted therapy can likely improve the
essential pathophysiology of these diseases.

Notably, Treg cells inhibit immunity and are reciprocal to Th17
cells; therefore, control of this balance poses an additional potential
therapy. However, there are still many unclear aspects regarding the
nature of human Th17 and Treg cells. While both have plasticity, they
cannot be explained simply as those found in mice. Nonetheless, the
differentiation and functional mechanisms of Treg and Th17 cells will
be further clarified in the future. If it is possible to control their balance,
it is anticipated that effective treatment strategies will emerge not only
for arthritis but also for other immune diseases, cancers, and infectious
diseases.
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