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Summary

Newly identified T helper cell 22 (Th22) is a subser of CD4* T cells with specific properties
apart from other known CD4" T cell subsets. Th22 is obviously discrete from Th17 and Thl
subsets by production of interleukin (IL)-22 but not IL-17 or IFN-y, and also with distin-
guished expression of aryl hydrocarbon receptor (AHR) as the key transcription factor. This
T helper subset, by producing pro-inflammatory cytokines such as IL-22 and tumor necrosis
Jactor-a (TNF-0,), is implicated in the pathogenesis of inflammatory and autoimmune dis-
order. This review discusses the role of Th22 and its cytokine IL-22 in the immunopathogen-
esis of autoimmune disease including acute coronary syndrome, psoriasis, atopic dermatitis,
rheumatoid arthritis, systemic lupus erythematosus, Bebgets disease, type 1 and 2 diabetes and
immune thrombocytopenia.
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Introduction

Autoimmunity is the term for the immune conditions charac-
terized by a specific response of immune system to the body’s
self-tissues. Autoimmune diseases are the third largest category
of illness in the industrialized world, following cardiovascular
diseases and cancers. There are more than 80 types of autoim-
mune disorders which occur when self-immune system attacks
and destroy healthy body tissue by mistake (1). Autoimmunity
results from a break in self-tolerance involving humoral and/or
cell-mediated immune mechanisms. The exact cause of self-toler-
ance breakdown is unknown, however, a variety of mechanisms
have been suggested as the means by which self-tolerance is failure
and autoimmunity occur. One mechanism is molecular mimicry,
where a foreign antigen shares sequence or structural similarities
with self-antigens. In this mechanism, some microorganisms or
drugs may trigger changes that confuse the immune system. Mo-

lecular mimicry has typically been characterized on an antibody
or T cell level. Accordingly, in a very general sense, with respect
to the underlying mechanism, autoimmune diseases are divided
into humoral and cell mediated autoimmunity (2-5). Both B and
T cells can be made tolerant, however it is more important to tol-
erate T cells than B cells because B cells cannot make antibodies
to most antigens without the help of CD4* T cells. There is evi-
dence that the classes and subclasses of cellular arms of immune
system are implicated in autoimmunity. One of the main cells
of immune system that is implicated in autoimmune diseases is
CD4" T helper (Th) cell. CD4* T cells sub-divide conforming to
the pattern of cytokines secretion (6). The naive CD4* T cells can
differentiate into one of several subclasses, including Th1, Th2,
Th3, Th9, Th17, and Th22, which produce different cytokines
and chemokines to promote a specific type of immune response
(7). Previously, Th1 cells were thought to be the main effector T
cells responsible for the autoimmunity and inflammation. How-
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ever, Th17 and Th22 cells are two emerging Th cell subsets that
link the immune response to tissue inflammation and autoim-

munity (8).

Newly identified Th22

In recent years, our knowledge of CD4* T cell differentiation
has mainly elevated, and to date the novel subsets continue to
be identified (9). Th22 is described by Trifari et al. in 2009 and
identified by secretion of various cytokines such as IL-13, tumor
necrosis factor-o. (TNF-at) and the most important IL-22. On
the other hand, Th22 cells could express chemokine receptor
CCR4, CCR6, CCRI10, and fibroblast growth factor isoforms
(10). In addition, Th22 cells do not express IL-17, IL-23R,
CCL20, CD161 (as Th17 markers), interferon gamma (IFN-y)
(as Th1 marker) and IL-4 (as Th2 marker) (11). Th22 cells
do not express T-bet (Thl-associated transcription), GATA-3
(Th2-associated transcription) and retinoic acid-related orphan
receptor (ROR)yt (Thl7-associated transcription) (12). Fur-

thermore, Duhen et al. have noticed which Th22 cells expressed
these transcription factors very low or undetectable (12). It has
been discovered that a distinct transcription factor called the
aryl hydrocarbon receptor (AHR) mediated development of
Th22 cells (13).

In addition, on study showed which stimulated AHR could
contribute to production of IL-22 by notch signaling. In other
words, notch-associated activation of CD4* T cells result in ele-
vation of IL-22 secretion even without induction of signal trans-
ducer and activator of transcription 3 (STAT3) (14). Indeed,
these data indicate which Th22 cells are as a distinct lineage from
the Th17, Th1 and Th2 subtypes (15, 16). It has been discovered
which IL-6 and TNF-a could differentiate naive CD4* T cells to
Th22 cells, and on the other hand, this differentiation could be
prevented by elevating concentrations of TGF-f3 (17). In addi-
tion, it has been reported which of conventional dendritic cells
(DCs) and/or plasmacytoid DCs might lead to differentiation
of naive CD4* T cells to Th22 cells. By using activated conven-
tional DCs and plasmacytoid DCs, Trifari et al. have revealed

Figure 1 - The mechanisms of action of IL22. IL-22 produced by innate and adaptive immune cells especially Th22 is beneficial to the host
defense in many infectious diseases. Moreover, depending on the target tissue, IL-22 could also be pathogenic in autoimmune disorder 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. AMPs; anti-microbial peptides, RA; rheumatoid arthritis, SLE; systemic lupus erythematosus, ACS; acute coronary
syndrome, AD; atopic dermatitis, T1D; type 1 diabetes, T2D; type 2 diabetes, ITP; immune thrombocytopenia.
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that human DCs actually induce the development of Th22 cells
from naive CD4*T cells. Comparatively, plasmacytoid DCs by
producing TNF-a and IL-6 are stronger than conventional DCs
in the development of Th22 cells (10). IL-22 receptor is not ex-
pressed in cells of immune system. Thus, although IL-22 secret-
ed by Th22 does not serve the communication between immune
cells, however IL-22 is as a Th22 cell mediator which directly
increase the innate, nonspecific immunity on epithelial and stro-
mal cells including intestinal and respiratory epithelial cells, skin
keratinocyte, hepatocytes, colonic subepithelial myofibroblasts,
pancreatic acinar cells, and synovial fibroblasts derived from pa-
tients with rheumatoid arthritis(12, 18). On the one hand, Th22
and IL-22 play vital role against several infectious diseases, on
the other hand, it might be pathogenic because of its inherent
pro-inflammatory features; it would further elevated when IL-22
is produced together with other pro-inflammatory cytokines, in
particular IL-17 (Figure 1) (19). In recent years, multiple stud-
ies have demonstrated role of Th22 in many inflammatory and
autoimmune disorders such as psoriasis (20), atopic dermatitis
(21), rheumatoid arthritis (22), systemic lupus erythematosus
(23), acute coronary syndrome (24), Behcet’s disease (25), an-
kylosing spondylitis (22), type 1 and 2 diabetes (26, 27), and
immune thrombocytopenia (28).

The role of Th22 in autoimmune disorder

Acute coronary syndmme

Acute coronary syndrome (ACS) refers to any group of symp-
toms attributed to obstruction of the coronary arteries. Recent
evidence has indicated that atherosclerosis is a chronic inflam-
matory disease with macrophages and T cells playing a critical
role (29). CD4* Th cells play main roles in the inflammatory
process of atherosclerosis and also in the onset of ACS including
unstable angina pectoris and acute myocardial infarction (30).
It is demonstrated that ACS occurs as a consequence of coro-
nary plaque rupture or plaque erosion, and changes in the func-
tions of CD4*T cells, especially Th cells, were found in patients
with ACS (31). Among T cells, Thl are recognized as having
a pro-atherogenic role. In addition, Th17 and Th9 have been
identified in atherosclerotic lesions. They have been linked to
atheroma development by production of pro-inflammatory cy-
tokines present in these lesions (24). Recently, Th22 have been
identified in the atheromatous environment, and their presence
and function has been investigated (32). Huang et al. suggest
that Th22 cell is a gradually proved potential biomarker for
ACS. In a study, Oliveira et al. showed the presence of Th17,
Th2, and Th22 in human carotid lesions and indicate that in-
teractions among them may contribute to the atheroma pro-
gression and destabilization (33). In another research, Lin et al.

in 2013 indicate that AHR expression, peripheral Th22 number
and their effector cytokine IL-22 levels were obviously increased
in patients with acute myocardial infarction, stable and unstable
angina pectoris compared with patients without coronary ar-
tery disease, indicating that peripheral Th22 cells played major
roles at the ACS (32). Interestingly, similar data was evident
by Zhang et al., which demonstrated that the Th22, Th17 and
Th17/Th1 cells were considerably higher in acute myocardial
infarction and unstable angina pectoris patients than those of
stable angina patients and healthy control (34). In an experi-
mental model Hanawa et al. reported that IL-22 could interact
with fibroblasts, smooth muscle cells, and endothelial cells in
the rat experimental autoimmune myocarditis (35). Moreover,
there was a positive correlation between the frequency of Th22
cells and IL-22 concentration in acute myocardial infarction
and unstable angina pectoris patients (34). In a study, Xia et al.
showed that Th22 cells played pivotal roles in coronary plaque
rupture or plaque erosion, since IL-22 was detected in the carot-
id plaque (36). These findings confirmed increased frequencies
of IL-22, Th22 and Th17 cells in ACS patients, which showed
that Th22 and Th17 cells may play a potential role in plaque
destabilization and the development of ACS (34).

Psoriasis

Psoriasis is a common chronic inflammatory disorder which
is identified by red scaly skin plaques with hyperproliferative
of keratinocytes. Epidermal hyperplasia and infiltration of in-
flammatory cells into skin lesions are major histological results
in patients with psoriasis (37, 38). A key event in psoriasis is
migration of immune cells from the dermis into the epidermis,
where they induce keratinocytes proliferation (38). Although
pathogenesis of psoriasis is unknown, however it has been iden-
tified which several immune cells including DCs, CD4* T cell
subsets (Th17, Th22, and Th1 cells), CD8* T cells and neutro-
phils exist in psoriatic skin lesions and might involve in etiology
of psoriasis disorder (38). IL-17 and IL-22 are synthesized by
Th17, Th22, and Th1 in psoriatic skin lesions (38). It has sup-
posed that Th1 is principally correlated with the pathogenesis of
psoriasis, but Kagami et al. suggested which Th17 cells trough
secretion of IL-17 and IL-22 are more implicated. They also re-
ported which there was an augmentation of Th22 and Th1 cells
in psoriatic patients, but to a lesser degree (38). Conversely, Fuji-
ta et al. suggested that the majority of IL-22-producing CD4* T
cells are neither Th17, Thl, and nor Th2 however; they did not
study the majority of Th22 in psoriasis. Indeed, psoriasis skin
lesions contain a population of T cells that co-synthesize IL-17
and IL-22, but the majority of IL-22-producing T cells is neither
Th17,Thl, and nor Th2, and may represent a unique subset of
IL-22-producing helper T cells, Th22 (39). Eyerich et al. have re-
ported that although Th22 similar to Th17 are scarcely detected
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in PBMCs, but Th22 cells are largely founded in T-cell popula-
tion isolated from the skin of psoriasis patients (15). Moreover,
it has been discovered which Th22 clones derived from psoriatic
patients are constant in vitro and demonstrate a transcriptome
profile apparently different from Thl, Th2, and Th17 cells.
Therefore, one supposes that genes encoding proteins includ-
ing Fibroblast growth factors (FGFs) and chemokines might
contribute to angiogenesis and fibrosis. It has been noticed that
when primary human keratinocytes cultured with Th22 super-
natants, it led to expression of transcriptome response profile
which comprised genes involved in adaptive and innate immu-
nity through activation of T cell and NK promoting factors in-
cluding IL-15 and IL-7, in keratinocytes. In addition, IL-32 (as
a TNF-a-enhancing cytokine) is produced by keratinocytes and
result in production of TNF-a from Th22 cells, which might
activate pro-inflammatory Th22 responses. Then, there is a syn-
ergic dependency between the pro-inflammatory responses of
Th22 and IL-22 and TNF-a (15, 40). Conversely, it has been
shown an elevated wound healing in an in vitro injury model
Th22 supernatants that exclusively related to IL-22 (15). It is
suggested, IL-22 alone could play an important role in expres-
sion of multiple genes which contribute to tissue repairing and
wound healing including kallikerin subgroup of serine proteases
and serpin family of protease inhibitors (41, 42).

Atopic dermatitis

Atopic dermatitis as a chronic inflammatory skin disease iden-
tified by episodes of acute eczema alternating and cutaneous
hyperreactivity to environmental triggers and often is seen in
patients with personal or family history of asthma and allergic
rhinitis (43, 44). It is considered that expansion of atopic derma-
titis belongs to disease-specific and time-dependent recruitment
of various leukocytes could influencing resident skin cells by cy-
totoxic mechanisms (45). It is supposed in the past which Th2
cells are responsible for atopic dermatitis diseases, but nowadays
Th17 and Th22 cells have considered which involve in devel-
opment of atopic dermatitis disease (45, 46). Indeed, Th17 and
Th22 cells specifically involve in dialogue with non-immune
cells. In this case, role of Th17 and Th22 cells in multiple im-
mune —associated skin disorder including psoriasis, atopic der-
matitis, and allergic contact dermatitis are defined (45). Koga et
al. have demonstrated an elevation of percentage of Th17 cells
in peripheral blood of patients with atopic dermatitis which has
correlated with severity of disease (47). In contrast, Nograles
et al. have founded an elevation of production of IL-22 from
T22 cells in lesional skin of patients with atopic dermatitis.
They also have noticed a significant increase in population of
Th1 and Th17 cells in psoriatic skin in comparison with atopic
dermatitis, while population of Th2 and Th22 were strongly
increased in atopic dermatitis (46). Furthermore, Nograles et

al have reported a significant augmentation of IL-22-producing
T-cell cells in atopic dermatitis patients compared with psoria-
sis. In this study, they have seen an extreme number of CD4*
and CD8" cells which could uniquely produce IL-22. Indeed,
these cells were responsible for almost 70% of the IL-22 secre-
tion in atopic dermatitis disease, with low frequencies of Thl,
Th2, and Th17 T-cells that co-secrete IL-22 (46). Overall, these
data indicate that the new subsets of IL-22 producing Th22 and
Tc22 T cells could involve in elevated expression of 1L-22 in
chronic atopic dermatitis skin, and contribute to Th2/T22 im-
mune polarization in patients with chronic atopic dermatitis.

Rheumatoid arthritis

RA is considered as a chronic inflammatory disease that identi-
fied by the reposition and proliferation of inflammatory cells in
the synovial (joint) space. According to RA is a chronic disease,
inflammation of several joints leads to damage of the joint car-
tilage and ablation of bone. Pathogenesis of RA is unclear yet,
however it is observed the activation of multiple cells such as
T cells, B cells, macrophages, mast cells, and fibroblast-like sy-
noviocytes (FLSs) which involve in synovial inflammation and
joint destruction (48). CD4* T helper cells contribute to the
development and progression of RA. Among CD4* T helper
cells, recognition of Th17 cells resulted in better understand-
ing of pathogenesis of RA (48). Although it recently has been
demonstrated Th22 cells involve in the pathogenesis of RA,
however its role in the pathophysiology of RA still has remained
undefined. For the first time, Zhang L et al. has been identified
which augmentation of Th22 cells could associated with Th17
cells in RA patients. They have been demonstrated that Th22
and Th17 cells as well as IL-22 were significantly increased in
RA patients in comparison with osteoarthritis and healthy in-
dividuals; however it has not observed significant difference re-
garding Th1 cells and IL-17. Furthermore, this study has been
reported a positive correlation regarding Th22 cells with 1L-22
and Th17 cells in patients with RA (49). Later, another study
evaluated frequencies of Th22 cells, Th17 cells and Th1 cells in
both RA patients and ankylosing spondylitis. Again, it has been
reported elevation of Th22 cells, Th17 cells and IL-22 in pa-
tients with RA and ankylosing spondylitis in comparison with
osteoarthritis patients and healthy individuals. Furthermore,
consistent with previous study, it has been reported Th22 has
a positive correlation with Th17 cells and IL-22. However, al-
though it has shown that the frequency of Th22 and Th17 cells
were positively correlated with disease activity in RA patients,
but this correlation has not seen in ankylosing spondylitis pa-
tients (22). Van Hamburg et al. have demonstrated elevation
of Th17 and Th22 cell populations in patients with RA similar
to previous studies, which were existed in RA synovial fluid.
Moreover, they have founded that Th17 were more potent to
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stimulate synovial fibroblasts (RASF) in production of IL-6, IL-
8, MMP-1 and MMP-3 compared with Th22 cells. These data
uncover which formation of synovial inflammation by IL-17A/
Th17 cell is independent of Th22 cells and IL-22 (50). Howev-
er, Zhao et al. have founded which percentages of Th22 cells in
RA patients correlated positively with the levels of plasma I1-22
(51), but a positive correlation between plasma IL-22 and Th17
cells were seen only in ankylosing spondylitis patients not in RA
patients (22).

Psoriatic arthritis

Psoriatic arthritis is a joint disease characterized by both psoria-
sis and a related form of inflammatory arthritis (52). Increased
frequencies of Th17 and Th22 cells along with their pro-inflam-
matory cytokine network, including TNF-a,, IL-17, and IL-22,
are the feature of both skin lesions (plaques) in psoriasis and
synovium in psoriatic arthritis. However, their different distri-
bution at disease tissues, including lower frequencies of 1L-22*
CD4' T cells in synovial fluid compared to skin and peripheral
blood, and lack of IL-22 expression in synovial tissue indicate
that Th17 and Th22 cells, have a common and joint role as
well as divergent roles in the pathogenesis of psoriasis and pso-
riatic arthritis. Benham et al. demonstrate 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 (53, 54). In patients with psori-
atic arthritis, Th17 cells number were elevated in synovial fluid
compared to peripheral blood. Moreover, increased frequencies
of IL-17* and IL-22* CD4* T cells were demonstrated in pso-
riasis skin lesions. In contrast, the increased frequency of Th17
cells was seen in psoriatic arthritis synovial fluid compared to
peripheral blood, whereas as frequency of Th22 cell was lower.
In conclusion, when IL-17 expression is equal in psoriatic ar-
thritis, 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 (53).

Diabetes

Among autoimmune diseases, type 1 diabetes (T1D), also
named autoimmune diabetes, have afflicted 10 million peoples
worldwide. This disease is caused by autoimmunity-mediated
destruction of pancreatic-cells, leading to insulin deficiency,
hyperglycemia and complications. Many components of the
immune system are implicated in autoimmunity leading to f§
cell destruction, including cytotoxic and helper T-cells, B-cells,
macrophages, and DCs (55). Cytokines produced by these cells
have also been shown to play a key role in 8 cell destruction

and regulation of autoimmunity in T1D. The inflammatory
process in early diabetes is thought to be initiated and propa-
gated by the effect of Thl-secreted cytokines e.g. IFN-y (55).
It is showed that levels of IL-6 and TNF-0 may be useful in the
prediction of proliferative diabetic retinopathy, whereas high-
er IL-10 levels are related to lower risk of diabetic retinopathy
in diabetes patients (56). Dalmas et al. showed a pronounced
pro-inflammatory signature of adipose tissue macrophages
in type 2 diabetic (T2D) obese patients, frequently driven by
increased NLRP3-dependent IL-1f production. It is revealed
that IL-22 increased IL-1{ release by inducing pro-IL-1f} tran-
scription via activation of C-Jun pathways in macrophages.
These findings identified IL-1$ and IL-22 as main players in
adipose tissue inflammation, with a pathological relevance to
obesity-induced T2D (57). However, Chenet al. found that
the mean IL-22 serum levels were somewhat lower in diabetic
patients than in normal controls (58). It is known that IL-22
can up-regulate Regenerating (Reg) genes expression in islets
and could potentially induce regeneration of {3 cells and inhibit
their apoptosis. Finally, cytokines both induce and regulate in-
flammatory condition and have the potential to regenerate and
preserve insulin-producing 3 cells in the islets (59). In a study
by Xu et al. Th17 and Th22 were significantly elevated in pa-
tients with T1D compared to control donor, while there were
no significant differences in Th1 cells. Also, Th22 cells showed a
positive correlation with Th17 cells in these patients. However,
there was not any correlation between IL-17 and IL-22 in sera.
Therefore, these findings showed that Th22 may contribute to
the pathogenesis of T1D (27).

The systemic chronic inflammation has been postulated to
bridge the increased risk of cardiovascular disease and T2D. In
newest study Zhao et al. suggest that both peripheral frequen-
cies and total numbers of Th1, Th17, and Th22 cells were fur-
ther increased in diabetic patients with coronary atherosclerotic
heart disease. Further analysis confirmed that increased pro-in-
flammatory Th cells, especially Th22, were independent risk
factors of cardiovascular complication in diabetes. Furthermore,
Th1 and Th22 frequency demonstrated considerable potential
in predicting coronary atherosclerotic heart disease in diabetes
(60). In another study Zhao et al. showed an increased Th22
frequencies and IL-22 concentrations in obesity and T2D (26).
Some data indicate a conceivable role of Th22 cells in diabetic
retinopathy. Although, Chenet al. suggested that IL-22 serum
levels were slightly lower in diabetic patients than in normal
controls but the IL-22 level of PBMCs was clearly elevate in
patients with proliferative diabetic retinopathy compared with
the level in patients with non-proliferative diabetic retinopathy
and healthy controls (58). Finally, the significant correlation of
mentioned data implied that Th22 might play a more import-
ant role in both insulin resistance and B-cell impairment.
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Behget’s disease

Behgets disease (BD) as a recurrent systemic inflammatory dis-
ease is identified by oral and genital mucous ulcer, intraocular
inflammation (uveitis) and skin lesions (61). It has been report-
ed which diminution of Tregs cells and increase in population
of Th1 and Th22 cells as well as Th17/Th1 cells could involve
in pathogenesis of BD (62). Aktas et al. have uncover which
population of Th1 and Th22 cells have strongly elevated, and
percentage of Treg cells have dramatically decreased in patients
with Behget. Moreover, they have shown which the frequency
of recurrent oral ulcers was associated with elevation of Th22
cells in patients with Behget (62). IL-22 (as a major cytokine
of Th22) is correlated with disease activity as well as presence
of small vessel inflammation in Behget’s disorder which could
clarify the role of IL-22 in pathogenesis of this disease (63). It
has been founded that uveitis is major reason of vision loss in
BD which manifested due to recurrent ocular inflammatory at-
tacks (64). It is supposed that IL-22 producing CD4* T cells
trough reaction with self-antigens might involve in pathogenesis
of uveitis (25). Cai et al. have recognized an increase in expres-
sion level of IL-22 in supernatants of stimulated PBMCs and
CD4'T cells of BD with active uveitis compared with BD with-
out active uveitis and healthy individuals. Furthermore, they
have identified an elevation of IL-22-producing CD4*T cells
population in BD patients with active uveitis (63). Sugita et al.
have confirmed above data and founded Th22 clones from ocu-
lar samples taken from BD secreted high amounts of IL-22 and
TNF-a cytokines, but not IFN-y and IL-17. Also, they have
demonstrated which CD4" T cells related to BD patients in the
presence of IL-6 and TNF-a in vitro could differentiated into
Th22 cells and polarized Th22 cell could secret a large amount
of IL-22. In addition, IL-22-producing T cells in the presence of
retinal antigens could produce high level of IL-22 in mice with
experimental autoimmune uveitis. These data indicate which
IL-22 and TNF-a producing Th22 cells probably involve in
ocular immune response in BD patients (25).

Immune thrombocytopenia

Immune thrombocytopenia (ITP) is an autoimmune disorder
characterized by low count platelet due to decreased platelet
production as well as increased platelet destruction by autoim-
mune mechanisms in which the patient’s immune system reacts
with a platelet of autoantigens. In ITP a shift toward B cells
producing autoantibodies together with CD4* T helper cells has
been reported. Cao et al. suggested that the plasma IL-22 levels
in ITP patients were significantly higher than that in healthy
controls, and this elevation was correlated with Th1 and Th22
cells in these patients (65). In addition, it is shown that the per-
centages of both Th1 and Th22 cells in ITP patients elevated as

compared to healthy controls. Whereas, the percentage of Th17
cells was not significantly different between ITP patients and
control groups, and there was no statistical correlation between
the IL-22 level and the percentage of Th17 cells in active ITP
patients. Therefore, the elevated IL-22 level correlates to Thl
and Th22 cells percentage, which may play a synergistic effect
in the immunopathogenesis of ITP, while Thl7 cells may not be
correlated with the occurrence of active ITP (66). In contrast,
Whu et al. in their recent study showed that the proportion of pe-
ripheral blood Th1, Th17, Th22 cell subgroups and the levels of
IFN-y, IL-17, IL-22 in culture supernatant increased in chron-
ic ITP patients (67). In another study by Hu et al. Th22 cells
showed a positive correlation with the levels of plasma IL-22 as
well as Th17 and Thl cells in ITP patients. Additionally, the
proportion of Th22 cells was higher in autoantibody-negative
ITP patients than in autoantibody-positive patients (68). To in-
vestigate the change of Th22 cells in the peripheral blood of the
primary I'TP patients and evaluate the significance of Th22 cells
in ITP Liu et al. used the peripheral blood of ITP before and af-
ter therapy, in ITP patients. The results indicate that proportion
of Th22 cells and the levels of cytokine 1L-22, IL-6, TNF-q,
and IL-22 mRNA in patients before and after therapy were sig-
nificantly higher than those in healthy group. Briefly, in ITP
patients, the number of Th22 cells and the levels of TNF-a and
IL-6 increase, whereas the level of TGF-} decreases (28). In a
clinical trial, Cao et al. evaluated the effects of dexamethasone
on regulating IL-22 production and correcting Th1 and Th22
polarization in ITP. In this study plasma IL-22 concentration
and the proportion of Thl and Th22 cells were significantly
increased in pretherapy patients compared to healthy controls,
whereas, high-dose dexamethasone administration reduced IL-
22 production and also corrected the imbalance between Th1
and Th22 subsets. They concluded that IL-22 levels were posi-
tively associated with Th1 and Th22 cells in ITP patients before
and after dexamethasone therapy (69).

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease
that identified by acute and chronic inflammation of several
tissues such as skin, kidneys, joints, brain, and other organs.
Several abnormalities in activated immune system of patients
with SLE including secretion of autoantibodies, defective
elimination of autoantibodies, complement and cytokine ac-
tivation, accumulation of immune-complex in tissue involve
in tissue and organ damages. Hence, defective immune tol-
erance against self-antigens as well as extensive T cells and B
cells activation contribute to development of SLE (70). IL-17
and IL-22 which are mainly secreted by Th17 and Th22 cells
respectively, could clarify progress and induction of autoim-
mune phenomena (71, 72). Zhao et al. have recognized which
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the population of Thl, Th17 and Th22 cells as well plasma
IL-22 and IL-17A were strongly increased in patients with
SLE in comparison with control individuals. They also eval-
uated the frequency of Th22 and Th17 cells in these patients
and founded which although there is a positive correlation
between Th22 and Th17 cells, however this correlation was
not seen with the other inflammatory values including CRP,
ERS and C3 in SLE patients. These data regarding Th17 and
Th22 may shed a new light into the way toward the better
understanding of role these cells in pathogenesis of SLE dis-
order (72). In recent years, role of Th22 cells and IL-22 in
pathogenesis of SLE have been more identified. In one study,
it has been noticed which reduced IL-22 levels, but not elevat-
ed IL-17 and IL-23 levels, were associated with disease activ-
ity in SLE patients (73). However, Yang et al. offered which
although Th17 could associate with activity of SLE, however
Th22 but not Th17 might consider as a good index to predict
the tissue involvement of SLE. The major results is concen-
trated on elevation of Th22 cells and serum IL-22 levels in
patients with sole lupus skin disease and reduction of Th22
cells and serum IL-22 levels in patients with sole lupus ne-
phritis. Moreover, it has been discovered a positive correlation
between Th22 cells but not Thl and Th17 cells with 1L-22
secretion and plasma IL-22 levels (23, 74). In a novel study
by Lin et al. founded which correlation between plasma IL-22
levels and Th22 cells could different features in new-onset of
patients with SLE than relapsing SLE patients. It has been no-
ticed that there was a significant reduction of the IL-22 levels
in new-onset SLE patients in comparison with relapsing SLE

patients and healthy individuals (74).

Conclusion

In autoimmunity, one of the most important players is the CD4
T cell. The CD4 T cell lineage consists of a number of phe-
notypically and functionally distinct subsets. Recently, Th22
cells were identified as a Th cells subset that produce IL-22 and
TNF-a and are distinct from Th1, Th2, and Th17 cells. Th22
and its cytokine IL-22 are implicated in the immunopathogen-
esis of autoimmune diseases; therefore, therapeutical approach
based on the pharmacological signalling disruption of IL-22
could be useful for the treatment of these types of diseases (75).
Treatment with recombinant cytokine or gene therapy for IL-22
may reduce tissue destruction during inflammatory responses.
It is demonstrated that in the presence of anti-TNF-a- and an-
ti-IL-6-blocking antibody, Th22 cells failed to produce IL-22.
In addition, infliximab-pretreated Th22 cells produced less IL-
22 and TNF-a (25). In a study, Mitra et al. demonstrated suc-
cessful inhibition of IL-22 induced fibroblast like synoviocytes
proliferation by anti-IL-22R antibody with blocking of IL-22/
IL-22R interaction, which may be considered as a novel thera-

peutic target for psoriatic arthritis (54). However, others believe
that targeting IL-22 or Th22 might provide pathogenic treat-
ment 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 entirely reflect Th22 function, since IL-
22 apart from Th22 cells is also expressed by other cells. Hence,
targeting Th22 or IL-22 is nonselective and may affect all of
the Th22 and IL-22 in the whole body, leading adverse 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 (75). Therefore, further
studies are required for clarifying the accurate role of Th22 and
IL-22 in autoimmunity.
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