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ABSTRACT

Newly identified T helper cell 22 (Th22) is a subset of CD4*T cells with specific
properties apart from other known CD4* T cell subsets with distinguished gene expression
and function. Th22 cells are characterized by production of a distinct profile of effector
cytokines, including interleukin (IL)-22, IL.-13, and tumor necrosis factor-a (TNF-a). The
levels of Th22 and related cytokine I1.-22 are increased in various autoimmune diseases and
positively associated with some rheumatic diseases such as rheumatoid arthritis, systemic
lupus erythematosus, behcet's disease, ankylosing spondylitis and psoriatic arthritis. In
summary, 1L-22 and Th22 cells play a significant and complicated role in inflammatory and
autoimmune rheumatic diseases, therefore, targeting IL-22 or Th22 have unique and
attractive advantages due to the fact that Th22 subset is recently identified and its associated
research is extremely limited. This review discusses the role of Th22 and its cytokine IL.-22 in
the immunopathogenesis of theumatic disease.
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INTRODUCTION

Rheumatic disease (rheumatism) is a general term
used to describe more than 100 items that affect the
muscles, joints, connective tissues, soft tissues around
the joints, and bones. These painful disorders are
usually caused by inflammation, swelling, and pain in
the joints or muscles. There is evidence that the classes
and subclasses of cellular arms of immune system and
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inflammation phenomenon are implicated in rheumatic
diseases."

One of the main cells of immune system that is
implicated in autoimmune diseases is CD4" T helper
(Th) cells. These cells can differentiate into one of
several subclasses, including Thl, Th2, Th3, Th9,
Th17, and Th22 which produce different cytokines and
chemokines to promote a specific type of immune
response. In recent years, our knowledge of CD4" T
cell differentiation has significantly increased, and to
date the new subsets continue to be recognized.® It is
suggested that the differentiation of naive CD4" T cells
into lineages with distinct effector functions is an
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irreversible event. However, following the recognition
of new subsets, there is an expanded recognition of
plasticity.*®> Larsen et al. reported that despite the
pronounced functional differences, there is extensive T-
cell receptor (TCR) af sharing in all the effector and
regulatory subsets defined. They also revealed that a
naive precursor T cell is able to adopt multiple Th-
subset profiles irrespective of antigen specificity.®
Other studies show that mouse Thl7 cells are not a
stable T-cell subset, and can transform into Thl and
Th17 cell subsets in vitro and in vivo.”® Lexberg et al.
in 2010 revealed that ex vivo isolated Th17 cells can be
converted into Th1/Th17 cells by combined interleukin
(IL)-12 and interferon (IFN)-y signaling. Additionally,
Th1/Th1l7 cells, stably co-express transcriptional
factors RORyt and T-bet at the single-cell level.’
Similarly, Kurschuset al. in another study showed that
Th1 cells could be converted in vivo to IL-17A/IFN-y
co-expressing cells in the mouse mesenteric lymph
nodes.® Although T cell plasticity is now an accepted
component of the specific immune system, the stability
of a T cell phenotype over numerous cell divisions
remains a hallmark of CD*Th cell subsets, conferring
immunologic memory, as Eyerich et al. have
demonstrated for Th22 cell clone. They proposed that
Th22 cells indicate a stable T cell lineage, and memory
Th22 cells do not transform into another subset.’® In
vitro, skin-derived memory Th22 clones did not lose
the capacity to produce IL-22 under Thl, Th2, Th1l7,
and regulatory T (Treg) conditions, however, IFN-y
was slightly produced under different conditions.'
Shen et al. found that unlike memory Th22 clones,
Th22 cells in the early stage of development
maintained their differentiation program in vitro and
could be reprogrammed into Thl and Th17 cell subsets,
but not Th2 cells. They showed that Th22 cells slowly
lost their IL-22 expression and transformed into Th17
cells in a transforming growth factor (TGF)-B
dependent manner. These findings, although suggesting
the flexibility of Th22 cells, but also indicate active
maintenance of their program in vivo."

Th22 Cells

The newly identified CD4" T cell subtype, Th22
cells, are characterized by production of a distinct
profile of effector cytokines, including IL-22, 1L-13,
and tumor necrosis factor (TNF)-o. Similar to Th17
cells, Th22 cells express 1L-22, CCR4, and CCR®; they
also express other factors including fibroblast growth
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factor isoforms involved in tissue remodeling and
chemokine receptor CCR10. CCR4 and CCRI10
expression drives Th22 cells to migrate to the skin."
On the other hand, Th22 cells do not express IL-17, IL-
23 R, CCL20, CD161 (Thl17 markers), IFN-y (Thl
marker) and IL-4 (Th2 marker). In addition, Th22 cell
subset is distinguishable from Th17 cells by low
CD161 expression and a high degree of
polyfunctionality.® Collectively, these characteristics
distinguish Th22 cells as a novel T helper cell lineage
from the Th17, Thl and Th2 subtypes.’®®® Activated
naive CD4" T cells can differentiate to Th22 cells in the
presence of IL-6 and TNF-a. However, this
differentiation could be prevented by the addition of
increasing concentrations of TGF-p.** Also Th22 cells
do not express the Thl-, Th2- and Thl7-associated
transcription factors T-bet, GATA-3 and RORgyt,
respectively.”® However, Duhen et al. reported that
Th22 had low or undetectable expression of these
transcription factors.® The Th22 expansion appears to
be regulated by discrete transcription factor named the
aryl hydrocarbon receptor (AHR), due to the fact that
intracellular molecular mechanism involved in Th22
differentiation aren’t fully characterized and additional
intracellular molecules still being investigated.'®
Alamet al. demonstrated that Notch signaling drives IL-
22 secretion in CD4™ T cells by stimulating the AHR.
Moreover, Notch-mediated stimulation of CD4" T cells
increased the production of IL-22 even in the absence
of STAT3."” Baba et al. showed that the AhR ligand
VAF347 selectively acts on monocytes and naive
CD4'Th cells to promote the development of Th22
cells and it suppressed the generation of the either Thl
or Th17 cells.’® In a similar study, it was found that
dioxin, as a high affinity and stable AHR-ligand, as
well as the natural AHR-ligand 6-formylinolo(3,2-b)
carbazole induced the down-stream AHR-target
cytochrome, and without affecting IFN-y, they
enhanced IL-22 production while simultaneously
decreased IL-17A production by CD4" T cells.
Furthermore, the specific AHR-inhibitor CH-223191
abrogated these effects. Importantly, AHR-ligation not
only decreased the Th17 cells number but also primed
naive CD4" T cells to generate 1L-22 without 1L-17 and
IFN-y."® This confirms previous findings by Trifari et
al. that demonstrated down-regulation of either
transcription factors, AHR or the RORC by RNA-
mediated interference which affected IL-22 production,
while 1L-17 production was affected just by down-
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regulation of RORC by RNA-mediated interference.
Further, AHR agonists substantially changed the
balance of IL-22- versus IL-17-producing Th cells.*

Th22 cells could be differentiated by stimulation of
naive CD4" T cells in the presence of conventional
dendritic cells (DCs) and/or plasmacytoid DCs. By
using activated conventional DCs and plasmacytoid
DCs, Trifari et al. have revealed that human DCs
actually induce the development of Th22 cells from
naive CD4'T cells. Accordingly, plasmacytoid DCs
were more powerful than conventional DCs in the
expansion of Th22 cells. However, it was unknown
whether tissue DCs, were really capable to induce
unique Th22 population.’? It was revealed that Th22
cells could be differentiated by plasmacytoid DCs in
the presence of TNF-o and IL-6, both of which are
commonly produced by DCs during their maturation. In
addition, Langerhans cells as specialized professional
antigen-presenting cells (APCs) found in the epidermis,
are qualified to induce Th22 cells.***>* Accordingly,
in a recent study, Duluc et al. demonstrated that both
Langerhans cells and CD14+ lamina propria-DCs are
potent inducers of Th22 in the human vaginal
mucosa.®’ In vitro, when Th22 cell clones were
cultured in Thl-, Th2-, Thl7- or Treg-polarizing
conditions, appeared to be fully stable and continued to
express IL-22 and no other cytokines associated with
other T CD4"subsets.*°

IL-22, also known as IL-10-related T cell-derived
inducible factor (IL-TIF) is a member of a group of
cytokines called the IL-10 family or IL-10 superfamily
(including IL-19, IL-20, IL-24, and 1L-26). IL-22 was
initially identified as a gene induced by IL-9 in mouse
T cells and mast cells. The IL-22 mature protein shares
approximately 79% and 22% amino acid sequence
identity with mouse IL-22 and human IL-10,
respectively.?* 1L-22 was originally explained as a Thi-
associated cytokine, IL-22 has since been shown to be
produced basically by Th17 and Th22 cells.'*? In fact,
newest data have shown that IL-22 production among
CD4" T cells is more closely related to IFN-y than IL-
17, indicating that IL-17 and IL-22 are differentially
regulated during CD4" T cell differentiation.?®

IL-22 is also expressed by CD8" T cells and IL-
22°CD8" T-cell frequency correlated with atopic
dermatitis disease severity.* Furthermore, other innate
immune cells such as mast cells, CD11c'DCs,yd T
cells, NKT cells and natural killer 22 (NK22)cells are
able to produce IL-22. NK22 is a human NK cell subset
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located in mucosa-associated lymphoid tissues, such as
tonsils and Peyer's patches, which is hard-wired to
secrete IL-22, IL-26 and LIF (leukaemia inhibitory
factor). The NK22 cells are triggered by acute exposure
to IL-23. In vitro, NK22-secreted cytokines stimulate
epithelial cells to produce IL-10, proliferate and
express a variety of mitogenic and anti-apoptotic
mediators. NK22 cells are also found in mouse
mucosa-associated lymphoid tissues and are seen in the
lamina propria during bacterial infection, suggesting
that NK22 cells are an innate source of IL-22 that may
constrain inflammation and protect mucosal sites.?

Th22 cells produce IL-22 in response to TNF-a and
IL-6, especially in the skin, whereas innate lymphoid
vé T cells produce IL-22 in response to IL-23,
particularly in the lung. NK cells produce IL-22 in
response to IL-12 and IL-18 or IL-23. RORyt-positive
innate lymphoid cells, including lymphoid tissue
inducer (LTi) and LTi-like cells express IL-22 with IL-
23 again enhancing expression.?®

IL-22 affect on target cells through a class Il
cytokine receptor composed of an IL-22-binding chain,
IL-22RAL1 (also called ZcytoR11/CRF2-9) and the IL-
10RB (CRF2-4) subunit, which is shared with the IL-
10R.?"?® |L-22, although is produced by immune cells,
it is known that neither resting nor activated immune
cells express IL-22 receptor, moreover IL-22 has no
effect on these cells in vivo and in vitro. In contrast, IL-
22 regulates the function of certain tissue cells,
including cells of the skin, kidney, and the digestive
(pancreas, small intestine, liver, and colon), and
respiratory (lung and trachea) systems representing
putative targets for this cytokine.?

Several cell types, in particular epithelial cells,
express receptor for the cytokine IL-22 and upon its
recognition produce molecules that are active both
locally and systemically.*® Lejeune et al. analyzed the
signal transduction pathways activated in response to
IL-22 and found that IL-22 induced activation of Tyk2
and JAK1 but not JAK2, as well as phosphorylation of
STATL, STATS3, and STATS. Using antibodies specific
for the phosphorylated form of MEK1/2, ERK1/2,
p90RSK, JNK, and p38 kinase, they showed that IL-22
activates the three major MAPK pathways.®> While
common factors such as STAT3 and RORyt drive the
expression of both IL-22 and IL-17 cytokines whereas
other factors, such as c-Maf act specifically on 1L-22.%

The IL-22 expression allows Th22 cells to primarily
affect on epithelial and stromal cells including skin
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keratinocytes, intestinal and respiratory epithelial cells,
hepatocytes, pancreatic acinar cells, colonic sub
epithelial myofibroblasts and synovial fibroblasts
derived from patients with RA, where the Th22 cells
appear to provide a protective role in regulating wound
repair and healing in the skin, lung and gut."® Overall,
IL-22 does not serve the communication between
immune cells but it is a T cell mediator that directly
improves the innate nonspecific immunity of the above
mentioned tissues.?? Although IL-22 is beneficial to the
host in many infections and inflammatory disorders,
depending on the target tissue it could be pathogenic
due to its inherent pro-inflammatory properties, which
are further enhanced when IL-22 is secreted together
with other pro-inflammatory cytokines, in particular
IL-17.% In addition, IL-22 is known to be expressed by
Th22 in several inflammatory rheumatic diseases,
including, rheumatoid arthritis (RA),* systemic lupus
erythematosus (SLE),** systemic sclerosis,”® Behcet's
disease,* ankylosing spondylitis (AS),* and psoriatic
arthritis.®

RA

RA is a chronic inflammatory disease characterized
by the sequestration of various leukocyte
subpopulations within both the developing pannus and
synovial space. This inflammatory disease targets first
the synovium, or lining of the joint, resulting in pain,
stiffness, swelling, damage, and loss of function of the
joints. The chronic nature of this disease results in
inflammation of multiple joints, with subsequent
destruction of the joint cartilage and erosion of bone.*
The immunological mechanisms in RA consist of
dysfunctional cellular and humoral immunity, enhanced
migration and attachment of peripheral macrophages
and inflammatory leukocytes to the synovium. In RA,
synovium consists greatly of macrophages (30-40%), T
cells (30%) and synovial fibroblasts as well as other
immune cells.®® CD4* T helper cells play critical roles
in the development and progression of RA.
Identification of Th17 cells led to breaking the
dichotomy of the Th1/Th2 axis in immunopathogenesis
of RA.Y

Recently, Th22 cell as a new subset of CD4 T cells
have been implicated in the pathogenesis of RA.
However, the roles of this subset in the
pathophysiology of RA are still being investigated. For
the first time, in 2011 Zhang et al. reported that the
elevated Th22 cells was correlated with Th17 cells in
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patients with RA. In this experiment, Th22 cells, pure
Th17 cells (CD4*IFN-y'IL-227IL-17" T cells), Th17
cells (CD4"IL-17"T cells), and 1L-22 were significantly
raised in RA patients compared with osteoarthritis and
healthy controls, but there were no significant
differences regarding Thl cells and IL-17. In addition,
Th22 cells showed a positive correlation with 1L-22
and pure Th17 cells or Th17 cells in RA patients.* one
year later in another study, Zhang et al. examined the
frequencies of Th22 cells, Th17 cells and Th1l cells in
peripheral blood from patients with AS and patients
with  RA compared with both patients with
osteoarthritis as well as healthy controls. They
confirmed their previous finding and reported that
Th22 cells, Th17 cells and IL-22 were significantly
elevated in AS and RA patients compared with
osteoarthritis patients and healthy controls. In addition,
Th22 cells showed positive correlation with Th17 cells
and IL-22 in AS and RA patients, however, the
percentages of both Th22 cells and Thl7 cells in
peripheral blood were correlated positively with disease
activity only in RA patients not in AS patients.*® Van et
al. confirmed above findings, and showed that
peripheral Th17 and Th22 cell populations were
increased in RA patients and present in RA synovial
fluid. However, they displayed that primary peripheral
blood and synovial Th17 cells were more potent in the
stimulation of inflammatory IL-6, I1L-8, MMP-1 and
MMP-3 production by RA synovial fibroblasts (RASF)
compared with Th22 cells. These findings display that
IL-17A/Th17 cell-mediated synovial inflammation is
independent of Th22 cells and its cytokine I1L-22.%
Conversely, Zhao et al. demonstrated that in the RA
patients the percentages of Th22 cells are correlated
positively with the levels of plasma IL-22*! and, a
positive correlation between plasma IL-22 and Th17
cells was only found in AS patients not in RA
patients.*® In RA patients, apart from activated IL-22*
CD4" T-cells, the 1L-22 is mainly produced by mast
cells, macrophages and synovial fibroblasts, and
promotes inflammatory responses in synovial tissues by
inducing the proliferation and chemokine production of
synovial fibroblasts. Fibroblast-like synoviocytes
(FLSs) are main players in the pathogenesis of
synovitis in rheumatic diseases. IL-22 and IL-22R1 are
expressed constitutively in FLSs.** Finally, 1L-22 is
elevated in patients’ sera with established RA, and the
presence of bone erosions is associated with high 1L-22
levels. Likewise, the elevation in serum level of 1L-22
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allows discrimination between patients with different
clinical and laboratory determinants as well as shows
the potential of IL-22 as a supplementary tool for
increasing RA activity, especially in patients with
rheumatoid factor (RF) antibodies (RF positivity was
correlated with higher levels of IL-22 in patients with
RA) and long-term disease.?

SLE

Another rheumatic disease is SLE, an autoimmune
disorder in which the immune system erroneously
assaults healthy tissue throughout the body including
skin, kidneys, joints, brain, and other organs. Immune
system activation in SLE is characterized by a
multitude of autoantibody production, complement
activation, and immune-complex deposition, which
cause tissue and organ damage. Therefore, lack of
immune tolerance against self-antigens and extensive
B-cell and T-cell responses are implicated in SLE
pathogenesis.** With this introduction, a key feature of
SLE is T cell dysfunction characterized by
hyperresponsive antigen receptor signaling. Th cell
abnormalities and cytokines produced by them are
considered to be associated with the pathogenesis of
SLE. Indeed, autoimmunity by Th cells could not be
explained by Th1/Th2 cell paradigm. Thl7and Th22
cells producing the cytokines IL-17 and IL-22 may
explain the progress and promotion of autoimmune
phenomena.*** In a study, Zhao et al. in 2013 showed
that the percentages of Thi, Th17 and Th22 CD4" T-
cells and the levels of plasma IL-22 and IL-17A in the
SLE patients were significantly higher than that in the
healthy subjects. In this investigation, the frequency of
Th22 cells was correlated positively with that of Th17,
but not with the other inflammatory values such as C-
reactive protein (CRP), erythrocyte sedimentation rate
(ESR)and C3 in SLE patients. These findings suggest
that both Th17 and Th22 cells may participate in the
SLE pathogenesis.*® Recently, The Th22 cells and IL-
22 have been more implicated in the pathogenesis of
SLE. Cheng et al. suggested that the decreased plasma
IL-22 levels, but not increased I1L-17 and IL-23 levels,
were correlated with disease activity in patients with
SLE.*” Subsequently Yang et al. suggested that Th22,
but not Thl7 might be a good index to predict the
tissue involvement of SLE, although Th17 may play a
role in the activity of SLE. The main findings focused
on augmented Th22 cells and serum IL-22 levels in
patients with sole lupus skin disease and reduced Th22
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cells and serum IL-22 levels in patients with sole lupus
nephritis. Additionally, the percentage of Th22 but not
Thl and Th17 cells has shown a positive correlation
with IL-22 production and plasma IL-22 levels.***® In a
study in 2014, Lin et al. revealed that the plasma IL-22
levels and its correlation with Th22 cells may be
distinct features in new-onset of SLE compared to
relapsing SLE patients. In new-onset SLE patients, IL-
22 levels were significantly decreased compared to
relapsing SLE patients and healthy subjects. After
prednisone and hydroxychloroquine therapy, the level
of plasma IL-22 in new-onset SLE patients was clearly
augmented, however, it was still lower than healthy
subjects. Moreover, in new-onset SLE patients high
frequencies of plasma IL-22 autoantibodies were
detected although, IL-22 levels had no correlation with
IL-22 autoantibodies.*®

Spondyloarthritis

Spondyloarthritis or spondyloarthropathy is the
name for a family of chronic immune-mediated
inflammatory rheumatic diseases includes AS, psoriatic
arthritis, reactive arthritis, undifferentiated arthritis and
enteropathic arthritis.*” T cells have been considered as
pivotal items in triggering the disease and maintaining
the immunopathogenesis process in the chronic phase.
Like RA, the increased Th22 and Th17 cells either in
blood, synovial fluid, or synovial tissues were also
demonstrated in spondyloarthritis.*® Romero-Sanchez
et al. showed that IL-17, IL-23, IL-1, IL-6, and TNF-a
levels were significantly higher in the serum of
spondyloarthritis patients than healthy subjects, and
there were no differences among spondyloarthritis
subtypes. In synovial fluid, they found higher
concentrations of cytokines, but only IL-23 showed
significant differences. Therefore, higher levels of IL-
23 in synovial fluid could propose local amplification
of the Th17 cytokine profile.™*

Other data explained that the frequency of Th17 as
an IL-17 and 1L-22 producing cells were increased in
peripheral blood mononuclear cells (PBMCs) from
patients with AS, resulting in secretion of higher
quantities of IL-17 and IL-22 by PBMCs following
stimulation.®® In addition, it was shown that among
CD4" lymphocytes and NKp44™ NK cell subsets, the
latter were the major source of IL-22 on lamina propria
mononuclear cells from AS patients, where it appears
to play a tissue-protective role.”

Psoriatic arthritis, is a type of arthritic inflammation
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characterized by a form of inflammation of the skin
(psoriasis) and joints (inflammatory arthritis).>*
Increased frequencies of Th17 and Th22 cells are the
feature of both psoriasis and psoriatic arthritis.
However, their different distribution at disease tissues,
including lower frequencies of 1L-22" CD4" T cells in
synovial fluid compared to skin and peripheral blood,
and lack of 1L-22 expression in synovial tissue indicate
that Th17 and Th22 cells have a common role as well
as divergent roles in the pathogenesis of psoriasis and
psoriatic arthritis. Benham et al. demonstrated
increased frequencies of Th17 cells in peripheral blood
of patients with psoriasis and psoriatic arthritis. Their
findings showed that IL-17 secretion was remarkably
elevated in both psoriasis and psoriatic arthritis, whilst
IL-22 secretion was higher in psoriatic arthritis
compared to psoriasis and healthy controls.®*% In
patients with psoriatic arthritis, Th17 cell numbers were
elevated in synovial fluid compared to peripheral
blood. Moreover, increased frequencies of IL-17* and
IL-22" CD4" T cells were demonstrated in psoriasis
skin lesions. In contrast, the increased frequency of
Th17 cells was seen in psoriatic arthritis synovial fluid
compared to peripheral blood whereas frequency of
Th22 cells was lower. In conclusion, when IL-17
expression is equal in psoriatic arthritis, osteoarthritis
and RA synovial tissue, IL-22 expression was higher in
RA than either osteoarthritis or psoriatic arthritis
synovial tissue, in which IL-22 was remarkably
absent.*®

Behcet’s Disease

Behcet's disease is a systemic inflammatory
disorder characterized by recurrent episodes of oral
ulceration, skin lesions, genital ulceration, and
intraocular inflammation  (uveitis).® Studies have
shown that reduced levels of Tregs and augmented
levels of Thl and Th22 cells as well as Th17/Th1 cells
might be associated with the immunopathogenesis of
Behget's disease.”’ In a study, Aktas et al. demonstrated
that Thl, Th22 and IL-17A*IFN-y*-producing cells
were significantly increased, and the percentage of
Treg cells were dramatically reduced in Behget's
disease patients compared with healthy subjects.
Additionally, the frequency of recurrent oral ulcers in
Behget's disease patients was correlated with increased
Th22 cells.’” 1L-22 as principal cytokine of Th22 is
associated with disease activity in Behcet's disease and
associated with the presence of small vessel
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inflammation, suggesting that 1L-22 might be involved
in its pathogenesis.®® However, Na et al. suggest that in
Behcet's  disease  patients, up-regulated IL-17
expression may also be associated with clinical activity
of disease. Furthermore, in their study higher
frequencies of IL-17 and IFN-y expressing CD4'T cells
were shown in patients with active Behcget's disease
compared with healthy patients. Similarly, the levels of
IL-17, 1L-23, and IFN-y in serum and culture
supernatants were significantly elevated in these
patients.>

Uveitis in Behget's disease is a major cause of
vision loss through recurrent ocular inflammatory
attacks.®® It is revealed that IL-22 producing CD4* T
cells that react to self-antigens play a pivotal role in the
immunopathogenesis of uveitis.®® In a study by Cai et
al. Behcet's disease with active uveitis displayed a
significant higher expression of IL-22 in the culture
supernatants of stimulated PBMCs and CD4T cells in
Behcet's disease within active uveitis compared with
normal patients. Moreover, an increased frequency of
IL-22-producing CD4'T cells was found in Behget's
disease patients with active uveitis.*® It was confirmed
by Sugita et al. in 2013, that Th22 clones from ocular
samples taken from Behcet's disease patients produced
large amounts of IL-22 and TNF-a, but not IFN-y and
IL-17. In addition, CD4" T cells from the peripheral
blood of Behget's disease patients differentiated into
Th22 cells in the presence of IL-6 and TNF-a in vitro.
It was revealed that this polarized Th22 cell lines are
able to produce a large amount of IL-22, and the
polarized Th17 and Thl cells can also produce IL-22.
Furthermore, in mice with experimental autoimmune
uveitis, IL-22-producing T cells secreted large amounts
of IL-22in the presence of retinal Antigens. These data
suggest that IL-22 and TNF-a producing Th22 cells
may play an important role in the ocular immune
response in Behget's disease.®

CONCLUSION

Newly, Th22 cells were identified as a Th cell
subset that produce 1L-22 and TNF-a and are distinct
from Thl, Th2, and Th17 cells. Th22 and its cytokine
IL-22 are implicated in pathogenesis of rheumatic
diseases, therefore, therapies based on the
pharmacological signaling disruption of IL-22 could be
useful for the treatment of rheumatic diseases.”
Treatment with recombinant cytokine or gene therapy
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for of IL-22 may alleviate tissue destruction during
inflammatory responses. It was demonstrated that in the
presence of anti-TNF-a- and anti-IL-6-blocking
antibody, Th22 cells failed to produce IL-22.
Moreover, pretreatment with Th22 cells along with
infliximab (a chimeric monoclonal antibody against
TNF-a) produced less IL-22 and TNF-a.* Mitra et al.
demonstrated successful inhibition of 1L-22 induced
fibroblast like synoviocyte proliferation by anti-IL-22R
antibody with blocking of IL-22/IL-22R interaction,
which may be considered as a novel therapeutic target
for psoriatic arthritis.®> However, others believe that
targeting 1L-22 or Th22 might provide pathogenic
treatment because, in one side it is difficult to
generalize whether Th22 cell is protective versus
pathogenic. On the other side, IL-22 function could not
completely reflect Th22 function, since 1L-22 apart
from Th22 cells is also expressed by other cells.
Accordingly, targeting Th22 or IL-22 is nonselective
and may affect all of the Th22 and IL-22 in the whole
body, leading unexpected side effects. However, it is
suggested that the restricted expression of IL-22R1 in
non-lymphoid cells could lead to a decrease of side
effects mediated by immune responses.®’ Therefore,
further studies are required for clarifying the accurate
role of Th22 and IL-22 in rheumatic diseases.
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