
Interleukin-22: a likely target for treatment of autoimmune
diseases

Xuyan Yang, MD and
Department of Rheumatology, Second Affiliated Hospital, College of Medicine, Zhejiang
University, Hangzhou 310009, P.R. China

Song Guo Zheng, MD. PHD
Division of Rheumatology, Department of Medicine at Penn State University Hershey College of
Medicine, Hershey, 17033, USA

Abstract
Interleukin -22 (IL-22) is a member of IL-10 family cytokines that is produced by many different
types of lymphocytes including both those of the innate and adaptive immune system. This
includes activated T cells, most notably Th17 and Th22 cells, and NK cells, γδ T cells, LTi cells
and LTi-like cells. IL-22 mediates its effects via the IL-22-IL-22R complex and subsequent Janus
Kinase-signal transduces and activators transcription (JAK-STAT) signaling pathway. Recently
accumulated evidence has indicated that IL-22 also plays an important role in the pathogenesis of
many autoimmune diseases. In this review, we discuss the recent findings and advancement of the
role for IL-22 in several autoimmune diseases, such as psoriasis, rheumatoid arthritis (RA),
hepatitis, graft versus host disease (GHVD) and allergic diseases, implicating that target IL-22
may have a therapeutic potential in those autoimmune diseases.
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1. Introduction
IL-22 was firstly identified in murine IL-9-stimulated BW5147 T-lymphoma cells (1), and
followed by the identification of human IL-22 in two studies (1–2). IL-22 is a member of the
IL-10 cytokine family. Its structure is similar to the well-known anti-inflammatory and
immunosuppressive cytokine IL-10, for which IL-22 was initially named as IL-10-related-T-
cell-derived inducible factor(IL-TIF). Human and mouse IL-TIF both consist of 179 amino
acid residues including four aminothiopropionic acids, which show an overall sequence
identity with IL-10 of 22% in the mouse and 25% in the human (3).
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The human IL-22-encoding gene is located on chromosome 12q15, approximately 52-and
99-Kbp, at 90Kb from the IFN-γ gene, and 27Kb from the AK155 gene. The human IL-22
gene comprises five exons. The first 53 bp of exon 1 encodes the 5′-untranslated region. The
other portions of exon 1 (186bp), the exon 2-4(66,144, and 66bp), and the first portion (79)
of exon 5 contain the protein-coding part and the stop codon. The rest portions of exon 5
(554bp) encode the 3′-untranslated region, which includes six single and two overlapping
copies of the ATTTA motif known to be involved in the regulation of mRNA degradation.
The open reading frame is comprised of 537 bp (without the stop codon), predicting a length
of 179 AA for the encoded protein. In the mouse, IL-22-encoding gene is located on
chromosome 10, also near the IFN-γ gene. There are two copies in different mouse strains,
which shows 98% nucleotide identity in the coding region, named IL-TIFα and IL-TIFβ (4).
With the knowledge of IL-22, numerous studies regarding the role of IL-22 in autoimmune
diseases are emerging.

2. The cellular sources of IL-22
IL-22 was originally thought to be a Th1-associated cytokine. With the discovery of new T
helper cells, it has been determined that specific populations of T cells have the capacity to
express IL-22, several of which accumulate at barrier surfaces. Th17 and Th22 cells were
demonstrated to be important producers (5–7). In Th17 cells, IL-22 expression differs from
IL-17 and other Th17-associated cytokines. The presence of transforming growth factor-β
(TGF-β) and IL-6, which is mainly required for the generating IL-17A does not lead to
optimal IL-22 expression; this is because TGF-β is inhibitory to IL-22 expression(8).
Moreover, IL-17A is highly dependent on the nuclear hormone receptor transcription factors
retinoic acid-related orphan receptor γt (RORγt) and RORα, whereas IL-22 expression
requires the ligand-dependent transcription factor aryl hydrocarbon receptor (AHR)(9–10).
In humans, a population of CD4+ T cells that localizes to the skin and can express IL-22,
TNF-a, and IL-13, but not IL-17A, has been reported. Given the predominate expression of
IL-22, these cells have been termed Th22 cells(7). If cultured in Th1-,Th2-, Th17- or Treg-
polarizing conditions, Th22 clones continue to express IL-22 and not the other cytokines
associated with these Th subsets(11). Th22 cells appear to be important for skin homeostasis
and in inflammation.

In addition to CD4+ T cells, CD8+ T cells also express IL-22 when differentiated into Tc17
cells. Increased population of CD8+T cells expressing IL-22 has also been observed in the
skin of patients with atopic dermatitis and correlated with increased disease severity(12).
Additionally, similar to Th17 cells, the γδ T- cell has been showed to coexpress IL-22 and
IL-17A, and has been implicated in pulmonary immune responses(13,14).

Apart from expression of IL-22 by T cells, innate immune cells also have the capacity to
express IL-22. IL-22 was reported to be expressed by blood-derived NK cells.9 There is also
described mucosa-associated lymphoid tissue-residing NK cell population in humans, which
expresses IL-22 in response to IL-23 (the so-called NK-22). Despite the absence of the
classical NK cell effector functions, They rather provide the protection and regulate the
mucosal homeostasis. They express NKp44, CCR6, and the transcription factors RORγt,
RORα, AHR and IRF4, and produce IL-22, IL-26 and LIF(15,16).

Furthermore, IL-22 expression has been described in several populations of innate lymphoid
cells (ILCs) with the capacity to produce IL-22 and coexpress NK cell and myeloid cell
markers(17).IL-22-expressing ILCs constitute a heterogeneous population composed of
CD4+ lymphoid tissue inducer (LTi) cells characterized by the repression of IL-17,
lymphotoxin α1β2 and RORγt, LTi-like cells expressing RORγt, AHR and IL-17, and
NKp46+ ILCs expressing RORγt mouse(18–20). Sharing a number of similar phenotypic
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and transcriptional profiles, these ILCs populations are present at barrier surfaces, and can
express IL-22 following stimulation with IL-23 alone. Recent studies have showed that these
populations have been implicated in promoting innate immunity and intestinal inflammation,
and may represent a more primitive form of IL-22-producing adaptive immune cells(21).

3. IL-22 acts by the IL-22-IL-22R pathway
3a. IL-22R expressed only by non-hematopoietic cell lineages

IL-10 and IL-22 receptors are composed of heterodimeric chains. IL-10 is made up of
IL-10R1 and IL-10R2. IL-22 receptor complex consists of IL-22R1 and IL-10R2. The
unique signaling and the functional outcome of these two cytokines are maintained by the
exclusive use of independent receptor subunits. the IL-22R1 subunit is restricted to cell
lineages of a non-hematopoietic origin. In particular, non-hematopoietic cells that have been
found to constitutively express a functional IL-22R1 are resident in the pancreas, kidney,
and liver, as well as at barrier surfaces such as the skin, intestine, and lung(22–23). In
contrast, bone marrow, peripheral blood mononuclear (PBMC), spleen or thymus, all of
which contain a high proportion of immune cells, do not express IL-22R1(23). Furthermore,
immune cells in general lack IL-22R1 expression and therefore are not targets of IL-22,
which is different from its conventional designation as an interleukin(23).The restricted
distribution of the IL-22R governs the functions of IL-22 as it restricts the biological effects
of IL-22 to non-hematopoietic tissue-resident cells. Interestingly, IL-22R expression is up-
regulated following stimulation of human skin cells with INF-γ and TNF-α, or following
Con-A or LPS challenge of hepatocytes (23–24), suggesting that the IL-22 action may be
affected by the dynamic expression of IL-22R1.

In addition to the surface-bound receptor, a soluble secreted receptor for IL-22 exists,
termed IL-22BP or IL-22RA2. IL-22BP is expressed in various tissues, including the breast,
lungs, and colon(25). However, the cellular sources of IL-22BP in these tissues remains
unclear. IL-22BP binds IL-22 with a sufficient affinity to block IL-22R binding, therefore
acting as a natural cytokine antagonist. IL-22BP expression in tissues can be regulated.
During acute inflammation, while IL-22 was up-regulated in murine models of infection and
colitis, IL-22BP was down-regulated, suggesting that IL-22BP may be important in
regulating the in vivo biological consequences of IL-22 expression(26–27). However, further
investigations are required to advance our understanding of the regulation and functions of
IL-22BP in the context of infection and inflammation, as it may be an important pathway to
consider when targeting IL-22.

3b. Signal transduction pathways activated downstream of IL-22R ligation
IL-22 binding to IL-22R complex leads to a cascade of downstream signaling pathways.
Initial studies utilizing a murine kidney cell line revealed that IL-22R ligation induced
phosphorylation of STAT3, and to a lesser extent, STAT5, while other studies observed
phosphorylation of STAT1, STAT3, and STAT5 in a human kidney cell line(1). Further
analysis also demonstrated that IL-22 signaling utilizes Jak1 and Tyk2 to propagate
downstream phosphorylation signals, including several MAPK pathways (ERK1/2,
MEK1/2, JNK, and p38 kinase), and STAT1, STAT3, and STAT5(28). IL-22 as well as
other members of the IL-10 cytokine family utilizes the common pathway of STAT3-
mediated signaling. However, IL-22 signaling exhibits a number of unique properties. For
example, in comparison to IL-10 stimulation that induces phosphorylation of tyrosine
residues on STAT3, IL-22 stimulation induces STAT3 phosphorylation on both tyrosine and
serine residues, and also strongly activates the ERK1/2 pathway(28). The observed
differences in signal transduction pathways can likely be attributed to differences between
IL-10R1 and IL-22R1. STAT3 phosphorylation is an essential pathway in mediating the
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effects of IL-22 on epithelial cells at barrier surfaces, as phosphorylation of STAT3 in
intestinal epithelial cells following chemical-induced colitis is IL-22-dependent, and
furthermore, conditional deletion of epithelial-intrinsic STAT3 from intestinal epithelial
cells phenocopied that of Il-22-definice-mice during chemical-induced colitis, implicating a
requirement for STAT3 in in vivo IL-22-mediated signaling(29). Consistent with that,
studies of mouse model systems have identified a critical role for signaling by IL-22 through
its receptor (IL-22R) in the promotion of antimicrobial immunity, inflammation and tissue
repair at barrier surfaces (Fig. 1)(30).

4. IL-22 knock out
To assess the role of IL-22 in autoimmune diseases, IL-22–deficient mice models have
provided the best ideal tool. The IL-22-deficient mice were originally generated in 129
background and were subsequently backcrossed with BALB/c mice for 15 generations and
or with C57BL/6 for 13 generations(31). Analysis of IL-22-deficient mice has indicated that
IL-22 plays a pathogenic or protective role in chronic inflammatory diseases.

The protective role of IL-22 in ConA-mediated liver injury was confirmed by use of IL-22-
deficient mice, which were highly susceptible in this hepatitis model, as evidence by hepatic
injury, necrosis and apoptosis(32). Similarly, in a DSS-induced innate mediated murine
colitis, the Flavell group showed that IL-22-deficient mice developed severe morphological
changes and higher mortality(33) The authors have reached the similar results when using a
model of Th1-mediated colitis induced by adoptive transfer of CD4+CD45RB++CD25−T
cells into Rag1/IL-22 double-deficient mice. They showed that these recipients lost more
weight, developed a more severe phenotype and a high mortality when the transferred IL-22
deficient T cells. Recently, in the mouse graft versus host disease (GVHD) induced by an
aggressively lethal MHC-mismatched murine bone marrow transplant (BMT) model of
C57BL/6 (B6, H-2b) donor marrow and T cells transplanted into lethally irradiated BALB/C
(H-2d) recipients, the Hanash group showed that transplantation with IL-22-deficient
(IL22−/−) donor marrow or T cells had no impact on GVHD survival, but IL22−/− BMT
recipients demonstrated significantly increased GVHD mortality and GVHD-associated
organ pathology in the small and large intestines and liver, suggesting a critical role for host
cells in the production of protective IL-22 post-BMT(34). However, in a mouse model of
allogenic hematopoietic cell transplantation (allo-HCT) using IL22−/− mice, the Couturier
group recently showed that donor-derived IL-22 has a key role in exacerbating the
inflammation in the gastrointestinal tract and contributes to the severity of acute GVHD
(aGHVD) but does not significantly interfere with the graft-versus-leukemia (GVL) effect.
Moreover, the results are associated with the increased Foxp3+ regulatory T cells (Treg
cells) in recipient mice that received IL22−/− T cells(35). Although the mechanism through
which IL-22 deficiency results in Treg cells expansion is not clear, the protective effect of
Treg on GHVD was already demonstrated in several models(36–37). Based on the
controversy, the role of IL-22 needs to be further explored to delineate its pathogenic versus
protective effect in GVHD.

The pathogenic role of IL-22 has been reported. For instance, IL-22-deficient mice were less
susceptible to collagen-induced arthritis (CIA) with their decreased incidence of arthritis and
decreased pannus formation, and lower numbers of mRNA copies of IL-1β, IL-6, TNFα and
MMP-9 were found in their pooled synovium samples(38). Psoriasis is the first example of
an organ-specific autoimmune disorder for which the role of IL-22 has been
comprehensively investigated. The Renauld group recently showed that in the mouse
imiquimod model, IL-22-deficient mice demonstrated almost totally little scaly skin lesions
and a dramatic decrease in the development of pustules and a partial decrease in acanthosis,
and the absence of IL-22 evidently decreased the expression of chemotactic factors such as
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CCL3 and CXCL3 and of biomarkers such as S100A8, S100A7, and keratin 14, which
reflects the antimicrobial and hyper-proliferative responses of keratinocytes, suggesting
IL-22 plays a major pathogenic role in psoriasis –like lesions(39).

5. Effect of IL-22 blockade in autoimmune diseases
5a. Psoriasis

In last few years, the discovery of IL-23/Th17 axis in pathophysiology of psoriatic disease
shifts the cytokine paradigm from Th1 to Th17 cytokine mainly related to IL-17 and IL-22.
IL-22 has been found to be a key mediator in the psoriasis pathogenesis. Psoriatic patients
showed highly elevated IL-22 plasma levels, which correlated with the disease severity(40).
Furthermore, IL-22 regulates the expression of genes responsible for antimicrobial defense,
cellular differentiation and mobility in keratinocytes: a potential role in psoriasis(40). The
Sabat group showed that IL-22 regulates keratinocyte function in several ways: (a)
facilitating to form a biological barrier of the skin by producing antimicrobial proteins
(AMPs). (b) interfering with physiological desquamation process of skin by inhibiting the
terminal differentiation of keratinocytes. (c) recruiting neutrophilic granulocytes in skin by
inducing the production of chemokines (d) inducing production of matrix metalloproteinases
1 and 3 to help in extracellular tissue degradation(41). In addition, IL-22 synergized with
other cytokines, such as TNF-α, IL-17 and IL-20, to form a cytokine network that
orchestrates the progression of many different pathogenic features of psoriasis(42). Using an
autoimmune psoriasis model, these mice treated with IL-22 neutralizing antibody
demonstrated either no development or extremely mild development of the diseases. There
was also a significant reduction of antimicrobial peptides in the IL-22 neutralized group,
which suggests that IL-22 antagonism may lead to a therapeutic approach for th17 cell-
medicated skin disease. Another recent study on the role of IL-22 in a mouse model with
psoriasis skin inflammation showed similarly that blocking IL-22 can both affect
keratinocyte dysregulation and neutrophil infiltration(39). These data further support the
potential clinical effectiveness of IL-22 inhibitors in psoriasis patients.

5b. Rheumatoid arthritis (RA)
The RA is characterized by synovial inflammation and destruction of bone and joint
cartilage. Cytokines play a key role in driving T cell activation and migration that lead to
join destruction. In RA, expression of IL-22 and IL-22R is increased on rheumatoid arthritis
synovial fibroblasts. IL-22 has been showed to promote the proliferation of synovial
fibroblasts through induction of chemokine CCL2(43). In a model of inflammatory arthritis,
IL-22-deficient mice demonstrated an increased production of type II collagen (CII)-
specific, and yet showed less severe form of arthritis than wild-type mice(38). In the same
study, IL-22 was found to promote osteoclastogenesis and this effect may be associated with
the reduced severe arthritis in IL-22-deficient mice(38).The Kim group observed that IL-22
promoted osteoclastogenesis in RA by induction of receptor activator of nuclear factor
kappa-B ligand (RANKL) in human synovial fibroblasts(44). These data suggest that IL-22
has a pathogenic role in RA. Similarly, using IL-22 neutralizing antibody, the Marijinissen
group assessed the potential for IL-22 depletion in a model of spontaneous mice in IL-1R
antagonist-deficient (IL-1Ra−/−) mice, and their results showed that administration of anti-
IL-22 of IL-1Ra−/− mice significantly reduced the inflammation and bone erosion(45).
However, a more recent study showed that IL-22 reduces the severity of collagen-induced
arthritis, when administered prior to the onset of the disease, the mechanism of which is
associated with increased levels of IL-10(46). These findings suggest that IL-22 has dual
functions, i.e. protective or pathogenic, in inflammatory arthritis, depending on the different
phases of the disease development.
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5c. Hepatitis
Hepatocytes are important target cells of IL-22 IL-22 was able to induce mRNA expression
of acute phase protein such as serum amyloid A (SAA), α1-antichymotrypsin, and
haptoglobin in the HepG2 human hepatoma cell line and concordantly, an increase of SAA
mRNA expression in the liver of IL-22 treated mice(1). The administration of anti-IL-22
antibody resulted in incipient liver necrosis during Salmonella enteritidis-infected p35-
deficient mice(47). Although the molecular mechanisms of IL-22 action in different liver
injury models remain to be elucidated, IL-22 is generally considered to be protective in liver
diseases.

5d. Graft versus Host Disease (GVHD)
GVHD is the result of alloreactive donor T cells attacking host tissues, including the skin,
liver and gastrointestinal (GI) track. The role of IL-22 in GVHD has not been extensively
addressed. The Hanash group demonstrated that recipient IL-22 deficiency led to increased
crypt apoptosis, depletion of intestinal stem cells (ISCs), and loss of epithelial
integrity(34).The elimination of IL-22 with an IL-22-neutralizimg antibodies led to a
significantly increased GHVD mortality(34). which suggests IL-22 as a critical regulator of
tissue sensitivity to GVHD and a protective factor for ISCs during inflammatory intestinal
damage.

5e. Allergic diseases
Allergic diseases such as atopic dermatitis (AD) and allergic asthma are chronic
inflammatory diseases, characterized by infiltration and accumulation of eosinophil, T cells
and mast cells. Classically, allergic inflammation is induced by an initial Th2-driven phase,
which precedes Th1-dominated phase. However, recent studies suggest that IL-17 and IL-22
play a role in sustained inflammation in allergic diseases. Upregulated expression of IL-22
was present in skin from AD patients(48). Also, IL-22 is detected at the site of allergic
airway inflammation(49). In a mouse model of asthma, The Schnydr group found enhanced
eosinophil recruitment and increased eosinophil peroxidase activity in the lungs of mice that
had received neutralizing anti-IL-22 antibodies during the antigen challenge(50).
Furthermore, Kentaro group have recently showed that anti–IL-22 antibody enhanced
antigen-induced IL-25 production in the airways, which is known to enhance Th2-type
immune responses in the airways, and enhanced the eosinophil recruitment into the
airways(51). These results suggest that IL-22 attenuates antigen-induced airway
inflammation in part by inhibiting the expression of IL-25 in lung epithelial cells.

6. Conclusions
Since the discovery of IL-22, many studies focus on its cellular sources, receptor expression,
signaling transduction pathway, transcriptional regulation and function. It is well-known that
IL-22 is a critical cytokine in a number of immune processes and plays an important role in
immune responses. Recently, the role of IL-22 in autoimmune diseases is coming out more
prominently both in animal studies as well as in human studies. Administration with
recombinant or antagonistic cytokine or gene therapy delivery of IL-22 has been showed to
alleviate tissue destruction during inflammation. IL-22 may be a new therapeutic weapon
within the armamentarium of autoimmune diseases treatment. However, large studies are
needed to provide information on the therapeutic effect, adverse events of any anti-cytokine
or recombinant cytokine therapy in the treatment of autoimmune diseases.
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Take-home message

• Interleukin-22(IL-22) –a member of the IL-10 cytokine family – is secreted by a
broad variety of lymphocytes

• IL-22 completes its biological effects by the IL-22-IL-22R pathway

• IL-22 plays an important role in host defense against Gram-negative bacterial
organisms, and has been implicated in autoimmune diseases

• IL-22 knockout and experimental delivery of anti-IL-22 antibody has confirmed
a critical role of IL-22 in several autoimmune diseases, such as psoriasis,
rheumatoid arthritis (RA), hepatitis, graft versus host disease (GHVD) and
allergic diseases
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Figure 1.
Functional consequences of IL-22–IL-22R pathway. IL-22 receptor complex consists of
IL-22R1 and IL-10R2. By binding to its receptor, IL-22 activates tyrosine kinase
receptor-2(TYK2) and Janus kinase-1(JAk-1), ultimately leading to the activation of
STATS3, which can activate many diverse processes involved in antimicrobial immunity,
inflammation and tissue repair at barrier surfaces including the skin, intestine and lung.
Depending on the cytokine milieu and tissue in which it is expressed, IL-22 can regulate the
expression of genes encoding molecules associated with inflammation, repair or chemotaxis
or the expression of antimicrobial peptides.
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