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ABSTRACT
Interleukin −22 (IL-22) is a member of interleukin-10 (IL-10) family cytokines that is produced by different
types of lymphocytes included in both innate and adaptive immune systems. These lymphocytes include
activated T cells, most notably Th17 and Th22 cells, as well as NK cells, γδ T cells, etc. IL-22 mediate its
effects via the IL-22-IL-22R complex and subsequent Janus Kinase-signal transduces and activators
transcription (JAK-STAT) signaling pathway. According to recent evidence, IL-22 played a critical role
in the pathogenesis of many non-autoimmune diseases. In this review, we mainly discussed the recent
findings and advancements of the role of IL-22 in several non-autoimmune diseases, such as acute lung
injury, atherosclerosis and some bacterial infections, suggesting that IL-22 may have therapeutic
potential for treating non-autoimmune diseases.
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Introduction

Interleukin-22 (IL-22) is a recently described interleukin-10
(IL-10) family cytokine that is produced by T-helper (Th)-17
cells, γδ T cells, NKT cells and newly described innate lym-
phoid cells (ILCs).1–3

IL-22 functions as a double-edged swor,4 with anti-inflam-
matory and pro-inflammatory features. It not only leads to the
occurrence of diseases, but also militates in the treatment of
chronic inflammatory diseases such as T2DM and CAD.4,5

In addition, IL-22 is closely related to some substances in
our body. For instance, interleukin-23 (IL-23) is a cytokine
that regulates innate and adaptive immune responses by indu-
cing the production of IL-17A, IL-17F, and IL-2,6 but IL-22 is
rapidly induced by Pathogen Recognition Receptors
Stimulation in Bone-Marrow-derived Dendritic Cells in the
absence of IL-23.7 Furthermore, S100/Calgranulin has no
direct effect on cholesterol efflux in macrophages, but rather
promotes the secretion of IL-22, which then directly reduces
cholesterol efflux in macrophages by decreasing the expres-
sion of ABCG1.8 The beneficial effects of some nutritional
supplements on autoimmune diseases have also been reported
in rats, mice and humans. For instance, n-3 polyunsaturated
fatty acids (PUFAs) stimulated Th17 cells to produce lower
levels of inflammatory factors, including interleukin (IL)-17,
IL-22, IL-23 and stimulated Treg cells to produce higher anti-
inflammatory factors, such as Foxp3 on psoriasis.9,10

Moreover, IL-22 is released by leukocytes, but it specifically
targets non-hematopoietic cells, thus providing a connection
between immune system cells and parenchymal cells.
Accumulating evidence showed that IL-22 was involved in
the development of several autoimmune diseases and their

pathogenesi,11 such as systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), multiple sclerosis (MS), Sjogren’s
syndrome (SS), psoriasis, inflammatory bowel disease (IBD),
etc..12–16 However, dysregulated IL-22 leads to deleterious
inflammation, involving in diseases such as psoriasis, intest-
inal inflammation and cancer.

Intriguingly, Chien-Huan Weng et al17 have shown that IL-
22 can mediate a number of effects linked to RA pathogenesis
including driving the production of pro-inflammatory cyto-
kines like IL-1β, IL-6, and TNFα, increasing the expression of
matrix metalloproteinase (MMP)-9, and promoting osteoclas-
togenesis when people are exposed to cigarette smoke.

Recently, there has been an increased interest in under-
standing the role of IL-22 in health and disease, with the aim
to explore the importance of this specific cytokine in therapy.
Nowadays, there is a growing concern about the involvement
of IL-22 in the formation of non-autoimmune diseases, espe-
cially in cardiovascular endothelial18 as well as utility or
inutility of IL-22 as a biomarker in humans.19,20 What’s
more, increasing evidences have shown that IL-22 was
involved in the regeneration of epithelial cells.21–24 In this
paper, we mainly discussed the recent articles on IL22 in
regeneration and progress of non-autoimmune diseases as
well as its clinical significance and therapeutic potential.

The cellular sources of IL-22

Cellular sources and regulatory factor

Human and mouse IL-22 consists of 179 amino acids, show-
ing an overall sequence identity with 25% of IL-10 in humans
and 22% of IL-10 in mous.25 Its structure is similar to the
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well-known immunosuppressive cytokine IL-10, and for
which IL-22 is initially named as IL-10-related-Tcell-derived
inducible factor. IL-22 can be produced by several different
cytokines, and majorly produced by a broad variety of lym-
phocytes, such as Th17 cells and Th22 cells (Table 1).1 Th17
cells are different from natural T-cell precursors, and Th17
themselves have the capacity to secrete a variety of cytokines
such as IL-17 and IL-22.26 In addition, murine Th17 cells are
further characterized by the expression of retinoic acid recep-
tor-related orphan receptor (ROR)γt.27

Various reports have shown that CD11c+dendritic cells
(DCs) can produce IL-22.28,29 However, CD11c is a DC-spe-
cific marker, and is also expressed by other cell populations
including NK cells and LTi cells. So, further research is
required to demonstrate whether DCs represent another
innate source of IL-22.

Besides, oral administration of Resiquimod (R848) triggers
TLR-7 on CD11c+dendritic cells, inducing IL-23 expression
followed by a burst of IL-22 secretion by innate lymphoid
cells. This in turn leads to Reg3γ expression and restoration of
colonization resistance against Vancomycin-resistant
Enterococcus faecium (VRE).30 Lorena Härdle et al. revealed
that IL-22 mRNA was enhanced in tristetraprolin (TTP)-defi-
cient splenocytes bound by AU-rich elements and isolated

primary T cells and TTP directly controls the production of
IL-22, a process counteracted by MEK1/2.31

IL-22 and IL-22 receptors

Like many other cytokines in IL-10 family, IL-22 also has α-
helical secondary structure.32 The IL-22 receptor (IL-22R)
belongs to class II cytokine receptor family and consists of
two subgroups, IL-22R1 and IL-10R2 (also called IL-
10RB).32,33 On the other hand, TNF-α enhances the effect of
IL-22 on keratinocytes by increasing the expression of both
IL-22 receptor and STAT3.34 IL-22R1 is expressed in various
non-immune tissues such as skin, lungs, kidneys, pancreas,
etc. whereas IL-10R2 is widely expressed in innate lymphoid
cells (ILCs).

Previous studies have demonstrated the functions of IL-38
and Th17 cells by blocking the IL-1R, IL-18R, and IL-36R
pathways.35 These evidences suggested that the influence of
IL-38 on Th17 cells was similar to the blocking of IL-1R and
IL-36R pathways, which suppressed IL-17 and IL-22 secretion.
Van de Veerdonk et al. also reported that low concentrations
of IL-38 were more effective than high concentrations in
inhibiting IL-17 and IL-22 production as higher concentra-
tions modestly increased IL-22.

IL-22 binding protein

There is a key regulator of IL-22 signaling, which is a soluble
form of IL-22R1 subunit, and is known as IL-22 binding
protein (IL-22BP) (Figure 1).24 Although the expression of
IL-22BP has been primarily identified in DCs including

Figure 1. The mechanism of IL-22, IL-22receptor as well as IL-22BP and signaling pathway. IL-22receptor is consist of two parts, IL-10R2 and IL-22R1. The relationship
among IL-22, IL-22receptor and IL-22BP is displayed in extracellular domain and the signaling pathways are shown in cytosol and nucleus.

Table 1. The major cell resource of IL-22.

Cell types Transcription factors Stimulating cytokines

Th17 cell RORC(in Human), RORγt(in Mouse) IL-6
Th22 cell AHR IL-6, TNF-α
γδT cells RORγt(in Mouse) IL-23
NKT cell ROR IL-12, IL-18 or IL-23
LTi cell RORC IL-23
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CD103+DCs, which are also the producers of IL-23,36 IL-
22BP has also been confirmed and identified in epithelial
cells as well as macrophages.37–39 Moreover, no clear induc-
tion of IL-22BP was detected when monocytes were differen-
tiated in other conditions than granulocyte macrophages
colony-stimulating factor (GM-CSF) and IL-4-supplemented
media.36 The critical role of endogenous IL-22 in promoting
intestinal healing has been recently confirmed in mice defi-
cient of IL-22BP, displaying enhanced tissue regeneration in
response to mechanical intestinal injury.40 However, Huber
et al. clearly demonstrated that IL-22 can also promote experi-
mental tumourigenesis in the intestine.

The signaling pathway of IL-22

IL-22 signaling is mediated through interferon receptor-
related proteins CRF2-4 and IL-22R.41 It forms cell surface
complexes with IL-22R1 and IL-10R2 chains, resulting in
signal transduction through IL-10R2. The IL-22/IL-22R1/IL-
10R2 complex further activates intracellular kinases (JAK1,
Tyk2, and MAP kinases) and transcription factors, especially
signal transducer and activator of transcription (STAT) 3
(Figure 1). On the other hand, IL-22 signaling is mediated
by janus kinase (Jak) 1 and STAT 1, 3 and 5.41 It can also
induce IL-20 and IL-24 signaling when IL-22R1 pairs with IL-
20R2.

According to a previous study in mouse model of ischemic
acute kidney injury (AKI), the loss of endothelial STAT3
signaling significantly exacerbated kidney dysfunction, mor-
phologic injury, and proximal tubular oxidative stress.
Moreover, important proximal tubular adaptive mechanisms
related to injury were diminished in association with
decreased tissue mRNA levels of the epithelial cell survival
cytokine IL-22.42 A latter study further demonstrated that IL-
22 signaling utilized Jak1 and Tyk2 to propagate downstream
phosphorylation signals, including MAPK signaling pathways
(ERK1/2, MEK1/2, JNK, and p38 kinase), STAT1, STAT3, and
STAT5.11,43 Although STAT3-mediated signaling is a com-
mon pathway shared by IL-10 cytokine family members, IL-
22 signaling showed several distinguishing properties. For
instance, compared with IL-10 stimulation that induces phos-
phorylation of tyrosine residues on STAT3, IL-22 stimulation
affects STAT3 phosphorylation on both tyrosine and serine
residues, and strongly activates the ERK1/2 pathway.43 As
both IL-22 and IL-10 utilize IL-10R2, Jak1, and Tyk2, but
the differences in signal transduction pathways may be to
the differences between IL-22R1 and IL-10R1.44

Shataakshi Dube et al. in a mouse ischemia-reperfusion
model of AKI found that the endothelial cell STAT3 signaling
limited the trafficking of leukocytes, which have the potential
to exacerbate ischemic injury during AKI.42 But Hania Kebir
et al. have reported that IL-17 and IL-22 promoted transmi-
gration of human ex vivo CD4+lymphocytes.16 Modulation of
endothelial cytokine production, regulation of endothelial
cytokine response, and alteration of endothelial adhesion
molecule expression may contribute to this observation and
provide another fruitful avenue for future investigation.

What’s more, Wei Ren et al. have revealed that the expres-
sion of STAT3 in the pulmonary microvascular endothelial

cells (PMVECs) after IL-22 interference was obviously
increased and the intranuclear accumulation of STAT3 was
enhanced, was and these processes were completely inhibited
after the interference of AG490, an inhibitor of JAK.45 Similar
results were found in the study by Zhiyong Wu et al. The
study revealed that IL22 demonstrated protective effects on
lung injury through inhibiting AngII-induced PMVECs apop-
tosis and PMVEC barrier injury by activating the JAK2/
STAT3 signaling pathway.

In addition, SLURP1 (an autosomal recessive skin disor-
der) mRNA expression was significantly upregulated by IL-22
neither by IL-17 nor by TNF-α. The stimulatory effect of IL-
22 was completely suppressed in the normal human epider-
mal keratinocytes treated with a STAT3 inhibitor or trans-
fected with siRNA targeting STAT3. Because IL-22 induces
the production of antimicrobial proteins in epithelial cells, the
antibacterial activity of SLURP1 significantly suppressed the
growth of Staphylococcus aureus.46 Although SLURP1 is pro-
duced as an endogenous protective factor in most of the
conditions discussed above, the data on the whole indicated
that the modulatory potential of the IL-22/STAT3 axis is not
saturated by endogenous IL-22. This consequently raised the
expectations regarding the use of this cytokine in novel ther-
apeutic strategies.11

The signaling pathway of IL-22 can affect the multiple
molecular transformation processes of the diseases, and there-
fore, manipulation of IL-22 and its signalling pathways，for
example, administration of IL-22BP and expression regulation
of IL-22receptor as well as STAT3, may have the potential to
treat autoimmune and non-autoimmune diseases.

Effect of IL-22 on non-autoimmune diseases

A better understanding of IL-22 pathogenesis helps us to deal
with the diseases more accurately, which in turn improves the
prognosis of the disease. Therefore, the effect of IL-22 on disease
mechanisms is still the direction we should strive for, especially
on non-autoimmune diseases. The effects of IL-22 on non-
autoimmune diseases conducted to date is following (Table 2):

Lung diseases

Wei Ren et al. investigated the roles and mechanisms of IL-22
involved in the pathogenesis of aortic dissection (AD) com-
plicated with acute lung injury (ALI) using the samples of
mice and patients. The results revealed that IL-22 obviously
suppressed the apoptosis of PMVECs mediated by angioten-
sin II and downregulated the expression and intranuclear
transmission of STAT3, and completely inhibited by admin-
istration of AG490.45

Similar to IL-10, recombinant IL-22 treatment inhibited the
phenoconversion of alveolar epithelial cells into MFs, thus redu-
cing the number of extracellular matrix producing cells in bleo-
mycin-induced mouse model of lung fibrosis.47 Administration
of anti-IL-22 neutralizing antibody has improved pulmonary
inflammation and ECM deposition in the same bleomycin-
induced model of lung fibrosis. Minrui Liang et al. also revealed
that administration of recombinant human IL-22 to alveolar
epithelial cell line (A549 cells) ameliorated epithelial to
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mesenchymal transition (EMT) and partially reversed the
impaired cell viability induced by BLM. Furthermore, blockage
of IL-22 deteriorated pulmonary fibrosis, and elevated EMT
marker [α-smooth muscle actin (α-SMA)] and overactivated
Smad2.47 Similar results were found in hypersensitive pneumo-
nitis mouse model induced by repeated exposure to Bacillus
subtilis, leading to lung fibrosis.48,60 Furthermore, IL-22 alone
demonstrated no effect on epithelial or mesenchymal gene
expression. However, IL-22+TGF-β1 promoted the expression
of some EMT transcription factors, which led to a more pro-
found cadherin shift, but this was observed only in cells obtained
from severe asthmatics.49

In addition, a strong IL-17 phenotype in patients with
cystic fibrosis (CF) was compared to non-CF controls. The
results revealed higher proportions of double positive IL-17
+IL-22+cells and the IL-22+population in maturation of
memory Th response to pathogen antigens,61 which can be
used as a possible tool for studying prognostication.

Skin diseases

IL-22−/− mice were used to investigate the in vivo role of IL-22
in acute skin wounding. Heather M. McGee et al. found that
IL-22 can activate ECM gene expression in fibroblasts as well

Table 2. The characteristics of the various scientific and intervention studies about IL-22.

Author System Approach Target Utility for diseases
Reference
number

Wei Ren et al. Lung
diseases

Treating with IL-22 and/or
AG490

PMVEC apoptosis
mediated by AngII through activating the JAK2/
STAT3 signaling pathway

Aortic dissection with acute
lung injury

45

Minrui Liang
et al.

Lung
diseases

Administration of recombinant
human IL-22

Amelioration of epithelial to mesenchymal
transition and partial reversion of
the impaired cell viability

bleomycin- induced
pulmonary fibrosis

47

Philip L. Simonian
et al.

Lung
diseases

Preventing expression of IL-22
either by mutating
AhR or inhibiting AhR
signalling, direct blockade of IL-
22 and administration of
recombinant IL-22

AhR signaling pathway in γδT cells and recruitment
of CD4+T cells to lung

hypersensitivity pneumonitis
that progresses to lung
fibrosis upon repeated
exposure to the ubiquitous
microorganism
Bacillus subtilis

48

Jill R Johnson
et al.

Lung
diseases

Injection of IL-22+ TGF-β1 Increased expression of some EMT transcription
factors
(Snail1 and Zeb1)

Asthma 49

Heather M.
McGee et al.

Skin
diseases

IL-22−/− mice IL-22 directs extracellular matrix gene expression as
well as myofibroblast differentiation both in vitro
and in vivo.

Acute skin wounding repair 50

Geethanjali
Pickert et al.

Intestine
diseases

STAT3IEC-KO mice STAT3 regulates the cellular stress response,
apoptosis, and pathways associated with wound
healing in IECs.

Mucosal wound healing in
intestine

28

Caroline A.
Lindemans
et al.

Intestine
diseases

Administration of recombinant
IL-22

Recombinant IL-22 directly targeted ISCs,
augmenting the growth of both murine and human
intestinal organoids, increasing proliferation, and
promoting ISC expansion.

Graft vs. host disease in
intestine after murine
allogeneic bone marrow
transplantation

22

Fangchen Gong
et al.

Cardiac
diseases

Blocking of IL-22R1 with IL-
22R1
antibody

IL-22 was found to protect endothelial cells from
glucose- and LPC- induced injury.

Type 2 diabetes mellitus and
coronary artery disease

4

Yujie Guo et al. Cardiac
diseases

Administration of anti-IL-22
neutralizing antibody

Treatment of acute viral myocarditis and chronic
myocarditis mice with an anti-IL-22 Ab decreased
the survival rate and exacerbated myocardial
fibrosis.

CVB3-induced chronic
myocarditis and dilated
cardiomyopathy

51

Svetlana Radaeva
et al.

Liver
diseases

IL-22 blockade with a
neutralizing antibody and
injection of recombinant IL-22

Blocking STAT3 activation abolishes the
antiapoptotic and mitogenic actions in hepatic cells.

T cell-mediated hepatitis
induced by concanavalin A

52

Ogyi Park et al. Liver
diseases

Liver-specific IL-22 transgenic
mice

Complete resistance to concanavalin A–induced T
cell hepatitis with
minimal effect on liver inflammation and
acceleration of liver regeneration after partial
hepatectomy

Concanavalin A–induced T
cell hepatitis

53

Zenewicz LA
et al.

Liver
diseases

IL-22-deficient mice Protection to hepatocytes injury during acute liver
inflammation

Acute liver inflammation 54

Christophe Paget
et al.

Infectious IL-22−/- C57BL/6 mice DC maturation in response to
IAV could lead to IL-22 release by iNKT cells.

Influenza A Virus Infection 55

Qing Kong et al. Infectious Administration of anti-IL-22
neutralizing antibody

Anti-IL-22 Antibody decreased the frequencies of
Th22 cells and the levels of IL-22, and increased the
expressions of cardiac IL-22R1 and neutralization of
IL-22 significantly promoted cardiac viral replication.

Coxsackievirus B3-Induced
mice acute viral
myocarditis

56

Andrea Sommer
et al.

Nutrition Vitamin D treatment of DCs The differentiation of IL-22-producing T cells
mediated by supernatants of vitamin D-treated DCs
was dependent on TNF-α IL-6 and IL-23.

– – – – 57

Yong Woo Ji et al. Eye
diseases

IL-22 knock-out mice IL-22 is essential for suppression of ocular surface
infiltration of Th17 cells and inhibition of dry eye
disease induction.

Dry eye disease 58

Minling Hu et al. Autophagy Administration of recombinant
IL-22

Both treatment with IL-22 or 3-MA can partly
reverse increased levels of ROS and the
overexpression of GRP78 and CHOP induced by
Palmitate.

– – – – 59
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as differentiate myofibroblasts.50 While the α-SMA mRNA
expression was increased in response to wounding in both
WT and IL-22−/− mice, suggesting that the α-SMA mRNA was
significantly reduced in wounds of IL-22 null mice compared
to WT wounds. Interestingly, their study uncovered a role of
IL-22 in the amelioration of fibroblast function during skin
wound repair.

Intestine diseases

Geethanjali Pickert et al. have reported that activation of intestinal
epithelial STAT3 regulated immune homeostasis in the gut by
promoting IL-22–dependent mucosal wound healing.28 They
also confirmed that IL-22 during acute colitis was produced by
the ILCs and CD4 + T cells.

In addition to these anti-apoptotic and pro-proliferative
mechanisms, IL-22 mediated further protection at host/environ-
ment interfaces by enhancingmucus production and by activating
the antibacterial host defense mechanisms, such as the IL-23/IL-
22/antimicrobial peptide (AMP) pathwa.62

Caroline A. Lindemans et al. have found that recombinant IL-
22 directly targeted intestinal stem cells (ISCs), augmenting the
growthof bothmurine andhuman intestinal organoids, increasing
proliferation, and promoting ISC expansion. Furthermore, treat-
ment with IL-22 in vivo after murine allogeneic bone marrow
transplantation (BMT) enhanced recovery of ISCs, increased
epithelial regeneration, and reduced intestinal pathology andmor-
tality from graft vs. host disease.22

Cardiac diseases

Short-term homing experiments demonstrated that smooth
muscle cell-derived IL-17C plays a pro-atherogenic role by sup-
porting the recruitment of Th17 cells to atherosclerotic lesions.63

But high-density lipoprotein (HDL) also has the potential to
suppress the immune response of Th1 and Th17 by modulating
DC maturation and function.64,65 Accumulating evidence sug-
gested that the balance of Th cells remained important, i.e.,
imbalance of Th1/Th2 may result in atherosclerosis.66 It has
been reported that the Th1 cells were predominant in ACS67,68

and unstable angina pectoris (UA).69,70 Similarly, a Th17/Tregs
imbalance has been associated with plaque destabilization and its
progression.71,72 In addition, Th22 cells were positively corre-
lated with IL-22 as well as Th17 cells in patients with acute
myocardial infarction (AMI) and UA73 and IL-22 level was
significant higher in patients with AMI and UA compared to
control individuals.4 Blockage of IL-22R1 eliminated the protec-
tive role of IL-22 against lysophosphatidylcholine- (LPC-), high
glucose-, and combined stimuli-induced injury on human umbi-
lical vein endothelial cells.4 According to the above mentioned
reports, Lei Zhang et al. have speculated that Th22 cells may
participate in the process of ACS by IL-22 secretion. In addition,
the peripheral blood Th22 number, aryl hydrocarbon receptor
(AHR) expression, and plasma IL-22 levels were significantly
higher in patients with acute coronary syndromes (ACS) com-
pared with the control groups.74 However, no further research
on the underlying relationship among Th17, Th22 and IL-22 has
been done in atherosclerosis.

Moreover, Yujie Guo et al. have shown that compared to
control mice at the same time points, chronic myocarditis and
dilated cardiomyopathy (DCM) mice have higher percentage
of splenic Th22 cells, higher plasma IL-22 levels, increased
cardiac IL-22R, as well as increased collagen typeI-A1 (COL1-
A1), collagen type III-A1 (COL3-A1) and matrix metallopro-
teinase-9 (MMP9) expression. Treatment of chronic myocar-
ditis mice with an anti-IL-22 antibody decreased the survival
rate and exacerbated myocardial fibrosis. Besides, the percen-
tage of splenic Th22 cells, plasma IL-22 levels and cardiac IL-
22R expression were also decreased in anti-IL-22 antibody
treatment group as compared to IgG and PBS treated groups
of chronic myocarditis mice.51 These results revealed that IL-
22-producing Th22 cells played a protective role in chronic
myocarditis and dilated cardiomyopathy by inhibiting myo-
cardial fibrosis.

In ischemia-induced mouse model of heart fibrosis,
impaired mobilization of bone marrow-derived endothelial
progenitor cells that are crucial in neovascularization and
tissue repair were observed in the heart of IL-10-knock-out
mice compared to wild type controls.75 IL-10 treatment of the
mice enhanced the survival of endothelial progenitor cells,
leading to a better myocardial recovery.60,75 However, further
studies should be conducted to demonstrate significant dif-
ference between the role of IL-22 and IL-10.

Interestingly, these results revealed that there was no asso-
ciation of the generation of aortic smooth muscle by IL-22
with apoptosis of the endothelial cells.18

Liver diseases

Previous studies have suggested that the activation of innate
immunity also stimulated Kupffer cells to produce the hepa-
toprotective cytokine IL-6 and the anti-inflammatory cytokine
IL-10 during alcoholic liver injury. Accumulating evidences
have showed that IL-22, similar to IL-6 and IL-10, is another
important hepatoprotective cytokine that protects against
acute and chronic alcoholic liver injury by binding to a com-
plex composed of IL-10R2 and IL-22R receptor chains on the
surfaces of hepatocytes.52–54,76,77

IL-22 exerts its functions via interacting with IL-10R2 and
IL-22R1 on cell surface, and the former one is ubiquitously
expressed on all types of liver cells, whereas the latter one is
expressed primarily on epithelial cells, such as hepatocytes.77

Thus, IL-22 targets only hepatocytes that express both IL-
10R2 and IL-22R, and plays important role in the hepatopro-
tection and liver regeneration.52–54 In addition, the protective
role of IL-22 in T cell hepatitis was further confirmed in IL-
22-deficient mice54 and IL-22 transgenic mice.53 Co-treatment
with IL-22 may diminish corticosteroid- or TNF-α inhibitor-
induced bacterial infection and may prevent the inhibition of
liver regeneration. This is because IL-22 has antimicrobial
effect that promotes liver regeneration.53

Infectious

Jennifer A. Juno et al. showed that in vitro studies of influenza
infection have revealed novel effector functions of iNKT cells
including IL-22 production and modulation of myeloid-
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derived suppressor cells, but ex vivo characterization of
human iNKT cells during influenza infection are lacking.78

Similarly, Paget et al. have recently reported that activation of
DC TLR7 and RIG-I during murine H3N2 infection resulted
in IL-1b and IL-23-mediated signals that induce iNKT IL-22
secretion,55 while IL-22 production did not affect the viral
replication, and protected the epithelial cells from damage in
vitro.

What’s more, Qing Kong et al. have demonstrated that
treatment of acute viral myocarditis (AVMC) mice with
anti-IL-22 antibody exacerbated the severity of viral myocar-
ditis and neutralization of IL-22 significantly promoted car-
diac viral replication.56 However, Epstein-Barr virus-induced
gene 3 (EBI3) negatively regulated the expression of IL-17, IL-
22 and RORγt as well as the protective immunity against L.
monocytogenes.79

Nutrition

Andrea Sommer et al. have reported that the differentiation of
IL-22-producing T cells mediated by supernatants of vitamin
D-treated DCs was dependent on TNF-α, IL-6 and IL-2.57

This indicated that vitamin D promotes the aspects of both
pro-inflammatory and anti-inflammatory immune responses
in humans.

Furthermore, a positive correlation was observed in
patients with cows’ milk allergy (CMA) between blood eosi-
nophil numbers and plasma concentrations of IL-4, IL-9, IL-
17A and IL-22. Treatment with cows’ milk elimination diet
decreased IL-4, IL-9, IL-13 and IL-22 and increased IL-17A in
plasma,80 suggesting it as important targets for future
interventions.

High serum levels of IL-22 were positively rather than
inversely associated with several cardiometabolic risk factors.-
19 However, the mechanisms by which inflammation contri-
butes to the obesity-linked metabolic dysfunctions were
incompletely understood. Increased secretion of pro-inflam-
matory cytokines may directly influence the metabolic func-
tions of insulin-responsive tissues/cells such as adipocytes and
myocytes, causing insulin resistance in these tissues/cells.81

Currently, a key challenge is to determine whether IL-22 can
be used as a therapy for obesity and as an overnurishment in
humans.

Others

IL-22 levels were elevated in the lacrimal fluids of patients
with dry eye disease (DED) and were inversely correlated with
the severity of disease. Yong Woo Ji et al. have reported that
loss of function analyses using IL-22 knock-out mice demon-
strated that IL-22 is essential for suppression of ocular surface
infiltration of Th17 cells and inhibition of DED induction.58

Minling Hu et al. demonstrated that IL-22 protected rat
insulinoma cells from palmitate-induced oxidative and ER
stress through autophagy.59 Palmitate induced increased levels
of reactive oxygen species (ROS), overexpression of glucose-
regulated protein 78 (GRP78) and C/EBP homologous protein
(CHOP), whereas these effects were partly reversed by treat-
ment with IL-22. Moreover, the effects were partly suppressed

by treating the cells with 3-methyladenine (3-MA), an autop-
hagy inhibitor.

However, although the number of experiments on non-
autoimmune diseases is still too small to confirm significant
results and negative results, the therapeutic potential of IL-22
cannot be ignored, especially in cardiovascular system. For
instance, nowadays more and more researches on macrophage
and DC have been conducted and IL-22BP mRNA expression
was strongly induced during DC differentiation. So maybe
there is a crosstalk between exosomes and IL-22, which can
be applied to treatment of atherosclerosis.

Conclusion

Overall, preclinical studies supported therapeutic administra-
tion of seemingly well-tolerated recombinant IL-22 for the
treatment of an array of acute diseases manifested in epithelial
tissues. However, the feasibility of prolonged administration
of this cytokine is expected to be restricted due to potent
complications (such as the tumourigenic potential of the IL-
22/STAT3 axis).11

Although the effect of IL-22 on non-autoimmune diseases
remains to be discussed, several in vitro and in vivo models
have supported IL-22 as a potential target for the treatment of
non-autoimmune diseases, especially cardiovascular diseases.
However, the properties of IL-22 largely depends on the
microenvironment surrounding the inflammatory factor,24

showing many uncertainties and it is the biggest obstacle for
the development of therapeutics, especially in human system.
Further studies should be conducted to investigate the under-
lying correlations between IL-22 and other diseases in our
body, and remained a big challenge for researchers.
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