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Abstract. A new population of T cells known as Th22 was désd for the first
time in 2009. These cells are usually identified thy production of IL-22.
However, this cytokine is also secreted by othdis ich as Thl, Th2, Th1l7,
natural killers, and innate lymphoid cellBh22 is known as a pro-inflammatory
agent in allergic skin diseases. Recently, morelenge has emerged showing
associations between these cells and other disebisesrole of Th22 in asthma
and allergic rhinitis is controversial: some authsuggest that Th22 has a pro-
inflammatory effect, while others state that Th23 lanti-inflammatory properties.
The aim of this article was to review the role #iZP and IL-22 in allergic airway
diseases based on the most recent literature ré@Visw suggests that Th22 plays a
significant role in the pathogenesis of allergioway diseases and has
predominantly anti-inflammatory properties. Moradses are needed to clarify the
role of Th22 in more detail.
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Introduction

The immune system plays an important role in thingaenesis of many
diseases. New cells and cytokines are continugigdgofound. This allows a more
comprehensive understanding of the developmeniftefrent diseases. A new T
cell subpopulation so-called T helper (Th) 22 wiest fdescribed in the scientific
literature in 2009:° The first studies showed that Th22 cells were lwa in the
pathogenesis of inflammatory skin diseases thrqargduction of interleukin (IL)
221*% | ater research described the role of Th22 in wsriautoimmune, allergic,
and oncological diseases such as rheumatoid #&thpsoriasis, thyroiditis,
multiple sclerosis, asthma, allergic rhinitis, amepatocellular carcinonfa:?® This
review article focuses on the data concerning ke of Th22 and IL-22 in allergic

airway diseases.

Characteristicsof Th22 and IL-22

Th22 cells differentiate from naive precursor celilee other Th cell$:* *
Tumor necrosis factor-alpha (TNF-alpha) and IL-6eate a specific
microenvironment for this process. Th22 cells hawany receptors on their
surface (Table 1Y but they are usually identified by the productimhlL-22.*

These cells also secrete other cytokines, such-48 and TNF-alpha, but in very



small quantities? IL-22 was first described in 2030IL-22 is a member of the IL-
10 family of cytokines and plays its role via a dretlimeric transmembrane
receptor complex consisting of IL-22R1 and IL-10R&d subsequent Janus
kinase-signal transducers and activators of trgmsan (JAK-STAT) signaling
pathways.” IL-22 is produced by Th22, but this cytokine cdsoabe secreted by
other cells including Th1, Th2, Th17, natural kileand innate lymphoid cefts.
In some cases, IL-22 acts synergistically with pihdokines such as TNF-alpha,
IL-1beta, and IL-17, but most functions of IL-22eannique-> '’ IL-22 induces
innate, non-specific immune responses (for examplaay induce expression of
antimicrobial peptides known as defensins), pretdsues from damage, and
enhances their regeneratidnChronic, T cell-mediated diseases manifest by an
elevated level of this cytokine. Target cells ofdR are keratinocytes as well as
cells of the digestive tract, pancreas, liver, kirand kidney!

The impact of Th22 cells and IL-22 on inflammataligeases is described
mainly with reference to their effect on keratinsyin skin diseases. Moreover,
there are studies on the role of IL-22 in the pgémesis of asthma and allergic
rhinitis.**?° However, the data published in these articlescargroversial: some
authors suggest that IL-22 has a pro-inflammatdfgce while others state that

this cytokine and also Th22 have anti-inflammaieffgcts'® 2%



Pro-inflammatory effect of Th22 in allergic airway diseases

Asthma is usually characterized by chronic airmaffammation?* It is a
common chronic respiratory disease affecting fréx+-18% of the population in
different countrie$! Asthma is usually analyzed by dividing it into fdient
phenotype$® Allergic asthma is one of the most common asthtrenptypes. The
majority of patients with asthma have concurremitis, which is also a common
allergic diseasé&® % The pathogenesis of these two diseases has e fally
investigated.

As mentioned above, the role of Th22 in respiratoflammation has not
been completely identified. The impact of Th22 tese diseases is analyzed
through investigation of IL-22, a cytokine relead®dthese cells. Some studies
showed that the IL-22 level in serum and sputunmfimatients with asthma was
higher than in healthy individuat®.*® 2”1t was reported that the concentration of
IL-22 was associated with severity of diseasesthdy carried out by Sherkat et al
showed a significantly higher level of IL-22 in gar and sputum samples from
severe adult asthmatic patients in comparison tienqta with moderate asthma.
Another study performed by Farfariello et al inealtric population revealed that
increased IL-22 mRNA levels were documented ingoasi with chronic severe
asthma as compared to those with moderate asthiMareover, this pediatric

study also found a positive correlation betweer2 L mMRNA and serum total IgE



levels in asthmatic subjectsThese findings suggest that IL-22 is associatet wi
asthma severity and atopy. Johnson el al hypotbesimt IL-22 could be involved
in epithelial-mesenchymal transition in asthmanaenchial epithelial cells through
transforming growth factor beta 1 (TGF-bet&lHowever, the mechanism of this
interaction should be investigated more extensiviekperimental studiesarried
out by Besnard et al showed that ovalbumin-chaédngnd IL-22-deficient mice
had a low level of eosinophils in bronchoalveolavadge and lung tissue.
Moreover, in airway tissue from IL-22-deficient majc reduced leukocyte
infiltration, low level of IL-5 (which activates giogenesis and differentiation of
eosinophils, increases chemotaxis of these celig),low levels of IL-13 and IL-
33 (which induce the differentiation of IL-5+ [L=4CD4+ Th cells from naive T
cells, attracts Th2 cells and can influence deiedeiells maturation and activity)
were documented as wélf'®

Search in the PubMed database revealed few artichsinvestigated the
role of Th22 and IL-22 in the pathogenesis of gierrhinitis. Some studies
reported the number of Th22 cells and level of setu-22 to be significantly
higher in patients with allergic rhinitis when coaned to healthy individuafS: %’
The concentration of Th22 in peripheral blood frpatients with allergic rhinitis
correlated with nasal congestion and rhinorrheailewtihe level of IL-22 was

significantly associated with the level of IgE sifiedo the allergens of house dust



mites (HDM; Dermatophagoides pteronyssinus and Dermatophagoides farinae) in
patients with allergic rhiniti&® These findings are in agreement with a previously
described study performed by Farfariello et al anovide evidence to support a
relationship between the IL-22 level and atopy.2B.-may be involved in the
pathogenesis of allergic rhinitis through the impan IFN-gamma-induced
expression of chemokine CXCL10, which is involved the recruitment of
lymphocytes™>3

Asthma and allergic rhinitis are usually relatecgtopy. A skin disease such
as atopic dermatitis is a chronic inflammatory dsewhich is also associated with
increased sensitivity to different allergens. Tlahpgenesis of atopic dermatitis
has many similarities to the pathogenesis of alleagyway diseases. There are
data to support a pro-inflammatory effect of Th22skin allergic diseases. A
higher level of Th22 cells was found in the skinpatients with atopic dermatitis
than those with healthy skif.>3 Th22 cells may induce keratinocyte proliferation
and migration; in inflamed skin, these cells cantdbute to the amplification of
immune responses by enhancing the TNF-alpha-inducgtbkines and
chemokines released by keratinocyfe$here is evidence that dendritic cells and
Langerhans cells located in derma can activate T¢&® to produce IL-22&
Accumulation of Th22 cells in the skin may also ibhduced by an infectious

process: a higher level of Th22 was found in p#diemth atopic dermatitis who



additionally had skin infectioft. As in cases of asthma and allergic rhinitis, the
concentration of Th22 was also associated withdikease severity: a higher level
of these cells was observed in adults with modem&evere atopic dermatifis.
However, children with newly diagnosed atopic ddimisadid not show an
increased Th22 levéf. This finding could be explained by Th22 involverném
the development of disease chronicity and sevefibe study authors suggested
that immune development, disease chronicity, oumreat skin infections might
contribute to the absence of Th22 in young childfdn an experimental HDM-
sensitized dog model, acute atopic dermatitis fsions developed immediately
after epicutaneous allergen challenge, and higeldeaf Th2 and Th22 cytokines
were found®’ These findings were associated with the activatibitch-promoting
pathway, which includes pruritogenic cytokines sashL-31, cathepsins and mast
cell proteases, nerve growth factor, neuromedimui2] enzymes involved in the
synthesis of leukotriene-B4 and histamine.

Pro-inflammatory effects of IL-22 are summarized able 2.

Anti-inflammatory effect of Th22 in allergic airway diseases
Recent studies involving experimental animal modelse shown results
contradicting those reported previously; Th22 dn@2 have an anti-inflammatory

effect in airway inflammatiof > Some studies using animals reported that IL-22-



positive mice had a reduced number of eosinopkmts & lower level of IL-13
(which usually increases bronchial hypersensit)vitythe bronchoalveolar lavage
and mucus-producing cells in the airways after lowadin stimulation when
compared with IL-22-negative mié&.?* * Moreover, anin vitro study with
bronchial epithelial cells from healthy and asthmatbjects revealed that IL-22
might inhibit the IFN-gamma-induced expression @52 (intercellular adhesion
molecule 1, which plays an important role in T emigration and recruitment), and
chemokines CCL5 (chemoattractant for eosinophils, lymphocytes, and
monocytes) and CXCL10 (important for the recruitineinlymphocytes)?® 33941
These findings suggest that IL-22 may have aniafiidmmatory effect on airway
inflammation.

Besnard et al noted that IL-22 was necessary fa itiduction of
inflammation in animal and human. However, duringnttuous allergen
challenge, the lack of IL-22 may exacerbate alteagiway inflammatiort® During
antigen challenge, IL-22-negative mice showed S§icamtly increased levels of
Th2 cytokines, eosinophils, neutrophils and inoedasxpression of IL-17A and
IL-17F, which may induce airway epithelial cells ppoduce pro-inflammatory
mediators '® After the addition of exogenous recombinant IL-88ring antigen
challenge, concentrations of IL-5, IL-13, and ILAL&ere decreased:** Another

study by Taube et al showed a reduced level of 3Ldnd considerable
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amelioration of airway constriction and inflammation an experimental airway
allergic inflammation model in mice treated with-222 Taken together, these
recent studies show that IL-22 may have an antminatory effect, especially in
the late phase of allergen-induced airway inflanomat

Contrary to the study by Besnhard et al, an anintadlys performed by
Nakagome et al revealed that IL-22 could have amunmosuppressive effect
during the early stage of an immune respdnsén IL-22-producing plasmid
vector that was delivered before the sensitizatoth ovalbumin suppressed
eosinophilic airway inflammation. However, thisexff was not observed when the
IL-22-producing plasmid vector was delivered imnagelly before challenge with
ovalbumin. Delivery of the IL-22 gene increased kel of IL-10 known as an
anti-inflammatory cytokine inhibiting production pfo-inflammatory cytokine$
3 This study strengthens the evidence for the afitsnmatory effect of IL-22 in
airway inflammation induced by an allergen. The hagusm of IL-22 in allergic
response in lungs has not been completely eludddtet experimental studies
have shown that continuous expression of IL-2Zhm dirways is able to activate
downstream signaling molecule STAT3 without indgcimny considerable
pathological changes in the lurfgs®

Anti-inflammatory effects of Th22 are summarizedable 2.
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Conclusions

To sum up, Th22 plays a significant role in thehpgenesis of allergic
airway diseases by increased secretion of IL-22 eegllation of different
pathways of the immune system. Th22 possessesffamamatory properties in
allergic skin diseases. There are also some dateeonng a pro-inflammatory
impact of these cells on allergic airway diseabesugh the activation of IL-5, IL-
13, IL-33, and TGF-betal. Besides similaritieshia pathogenesis between allergic
skin and airway diseases, currently there is anraatating body of evidence that
Th22 has anti-inflammatory properties in allergieway diseases through the
effect on IL-10 and decrease of pro-inflammatorytokines and eosinophils.
However, more research, especially on humans, nedoks conducted in order to

clarify the role of Th22 in more detail.
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Table 1 Characteristics of Th22.> %

Th22
Receptorson surface Intracellular receptors Production and release of
mediators
CD3 AHR IL-22
CD4 IL-13
CD28 IL-10
CCR10 TNF-alpha
CCR6
CCR4
PGDFR

TCR — T cell receptors

PGDFR - platelet-derived growth factor receptor

IL — interleukin

TNF-alpha — tumor necrosis factor alpha

AHR - aryl hydrocarbon receptor




Table 2 Effects of IL-22 in allergic airway diseade®? 27313842

Pro-inflammatory effect of 1L-22

References

Experimental details

)

T1L-13 tbronchial hypersensitivity | Besnard et al, 2014 vivo, with mice
[18] challenged with
ovalbumin
TL-33 TInduction of the Besnard et al, 2011In vivo, with mice
differentiation of IL-5+ IL- | [18] challenged with
4— CD4+ Th cells ovalbumin
!
teosinophilic inflammation
T1TGF- tepithelial-mesenchymal | Johnson et al, 2013n vitro, blood sample
betal transition in asthmatic [28] taken from children
bronchial epithelial cells with allergic rhinitis
! or allergic asthma
tremodeling of airway tissue
teosinophil| Teosinophilic inflammation | Besnard et al, 201h vivo, with mice
count [18] challenged with
ovalbumin
T1L-5 Tactivation of angiogenesis, Besnard et al, 2011In vivo, with mice
differentiation and [18] challenged with
chemotaxis of eosinophils ovalbumin
!
teosinophilic inflammation
Anti-inflammatory effect of |L-22
T1L-10 lpro-inflammatory cytokines Nakagome et al,| In vivo, with mice
2011 [23] challenged with
ovalbumin
J1IL-13 lbronchial hypersensitivity | Taube et al, 2011In vivo, with mice

[22]

Fang et al, 2014
[21]

Besnard et al, 201
[18]

challenged with
ovalbumin

In vivo, with mice
challenged with
ovalbumin

1In vivo, with mice
challenged with
ovalbumin @fter
addition of exogenous




recombinant
IL-22 during the
antigen challenge)

JIL-33 JInduction of the Besnard et al, 2011In vivo, with mice
differentiation of IL-5+ IL- | [18] challenged with
4- CD4+ Th cells ovalbumin @fter
! addition of exogenous
leosinophilic inflammation recombinant
|L-22 during the
antigen challenge)
JIL-17 Inhibition of airway Besnard et al, 2011In vivo, with mice
epithelial cells to produce |[18] challenged with
CXCL1 and CXCLS8 ovalbumin @fter
! addition of exogenous
lattraction of neutrophils and recombinant
cytokines IL-22 during the
! antigen challenge)
Jpromotion of the activation
of Th17 cells
!
Jstimulation of other cells ta
release IL-21 and IL-23
JIL-5 lactivation of angiogenesis,| Taube et al, 2011 | In vivo, with mice
differentiation and [22] challenged with
chemotaxis of eosinophils ovalbumin
!
leosinophilic inflammation | Besnard et al, 201{In vivo, with mice
[18] challenged with
ovalbumin @fter
addition of exogenous
recombinant
|L-22 during the
antigen challenge)
JIFN- lexpression of CD54, CCL5 Pennino et al, 2013In vitro, T-cell lines
gamma and CXCL10 [39] derived from lung

!

e |recruitment of
lymphocytes

e |chemoattraction of

biopsy specimens of
asthmatic patients




eosinophils, T
lymphocytes, and
monocytes

» dysregulation of T-cel
transmigration and
recruitment

leosinophil |eosinophilic inflammation | Fang et al, 2014 | In vivo, with mice
count [21] challenged with
ovalbumin
Taube et al, 2011 | In vivo, with mice
[22] challenged with
ovalbumin
Nakagome et al, | In vivo, with mice
2011 [23] challenged with
ovalbumin
lmucus lmucus production Fang et al, 2014 | In vivo, with mice
producing [21] challenged with

cells

ovalbumin




