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Interleukin (IL)-22, which was discovered in 2000 as a T-cell-derived cytokine, is probably 

the only cytokine produced by immune cells (e.g., T helper [Th]17 cells, Th22 cells, 

activated natural killer [NK] cells, and NKT cells) that does not target immune cells.1–

3 Instead, IL-22 mainly targets epithelial cells, including hepatocytes in the liver, by 

binding to IL-22R1 and IL-10R2.1,2 In 2004, it was demonstrated, for the first time, that 

IL-22 is a hepatoprotective cytokine that ameliorates hepatocellular damage.4 Subsequently, 

the epithelial protective effects of IL-22 were also demonstrated in many other organs, 

including the pancreas, lung, intestine, and kidneys (see a review5 and references therein). 

The hepatoprotective function of IL-22 is mediated by binding to IL-22R1 and IL-10R2, 

followed by activation of signal transducer and activator of transcription 3 (STAT3) and 

subsequent induction of several antiapoptotic proteins, including B-cell lymphoma 2 (Bcl-2), 

B-cell lymphoma-extra large (Bcl-xL), and myeloid cell leukemia 1 (Mcl-1; Fig. 1).4 It 

was generally accepted that IL-22R1 expression is restricted to cells of epithelial origin, 

including hepatocytes and liver progenitor cells in the liver, but to our surprise, we found 

that hepatic stellate cells (HSCs), which are not of epithelial origin, also expressed high 

levels of IL-22R1. In vitro and in vivo IL-22 treatment induced HSC senescence by 

induction of suppressor of cytokine signaling 3 (SOCS3) and subsequent stabilization of 

p53, thereby inhibiting liver fibrosis in a mouse model of CCl4-induced liver fibrosis (Fig. 

1).6 The antifibrotic function of IL-22 was also confirmed in another mouse model of bile 

duct ligation–induced liver fibrosis.7 Although the hepatoprotective and antifibrotic effects 

of IL-22 are well documented in animal models, the functions of IL-22 in the pathogenesis 

of human liver diseases have not been carefully examined.

Several previous studies have reported that serum or hepatic levels of IL-22 were elevated 

and correlated positively with severity of liver disease in patients with cirrhosis8 or chronic 

hepatitis B virus (HBV) infection.9,10 In addition, elevated hepatic IL-22 expression was 

reported to be positively correlated with the number of liver progenitor cells in patients 

with chronic HBV or hepatitis C virus (HCV) infection, and IL-22 treatment promoted 

liver progenitor cell proliferation.11 Collectively, these findings suggest that elevated IL-22 

contributes to disease progression or plays a compensatory role in promoting liver repair and 

regeneration. In this issue of HEPATOLOGY, Sertorio et al.12 examined IL-22 production 
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by peripheral blood mononuclear cells (PBMCs) in 66 Chinese fishermen infected with 

Schistosoma japonicum and found that PBMCs from these patients had a greater ability to 

produce IL-22 with or without schistosome egg stimulation, compared with PBMCs from 

normal healthy controls. Moreover, IL-22 production by resting and egg-stimulated PBMCs 

from patients was inversely correlated with degree of liver fibrosis and portal vein diameter, 

suggesting that IL-22 plays a role in protecting against liver fibrosis during S. japonicum 
infection. The protective function of IL-22 against schistosome-induced liver fibrosis is 

believed to be mediated by promoting liver repair and inducing HSC senescence (Fig. 1). In 

addition, IL-22 has been shown to contribute to the host defense against intracellular parasite 

infection through stimulation of antimicrobial effectors and matrix metalloproteinase 9,13 

which may also be involved in the protective action of IL-22 in schistosome-induced liver 

fibrosis. Furthermore, Sertorio et al.12 reported that expression of IL-22, IL-22 binding 

protein (IL-22BP), and IL-22R1 in the intestine and liver was altered in mice infected with 

S. mansoni; however, the functions of these molecules were not examined in this mouse 

model.

Another important finding in the study by Sertorio et al.12 was the demonstration of the 

association between IL-22BP polymorphisms and the degree of liver fibrosis in patients 

with S. japonicum or chronic HCV infection. IL-22BP, also called IL-22RA2, is a soluble 

IL-22 receptor that lacks both transmembrane and intracellular domains and thereby acts 

as an inhibitor of IL-22 by preventing the binding of IL-22 to membrane-bound IL-22R1. 

Because it has a 20- to 1,000-fold higher binding affinity to IL-22 than IL-22R1,14 IL-22BP 

likely plays a significant role in regulating liver disease severity by inhibiting IL-22 

activity (Fig. 1). However, the role of IL-22BP in the pathogenesis of liver diseases has 

not been investigated in animal models or in patients to date. The study by Sertorio et 

al.12 is probably the first article investigating the potential implications of IL-22BP in the 

pathogenesis of liver disease. They demonstrated that variants of IL-22BP that are associated 

with a high abundance of IL-22BP transcripts positively correlated with severe hepatic 

fibrosis in Chinese patients infected with S. japonicum and in Sudanese and Brazilian 

patients infected with S. mansoni as well as in Brazilian patients with chronic HCV 

infection. The profibrotic effect of IL-22BP is likely mediated by blocking IL-22 protein 

activity. Although the researchers reported that several variants of IL-22BP are associated 

with a high abundance of IL-22BP transcripts in healing skin tissues, hepatic and serum 

IL-22BP levels were not examined in patients with liver disease. It has been reported that 

IL-22BP is constitutively expressed in secondary lymphoid organs, breast, and epithelial 

tissues (e.g., intestine, lung, and skin).15 In addition, IL-22BP is constitutively expressed 

by a subset of conventional dendritic cells (DCs), and its expression in these cells is highly 

induced by retinoic acid.16 As we know, HSCs store 75% of the body’s vitamin A and 

produce large amounts of retinoic acid when activated in fibrotic livers. Production of 

retinoic acid by HSCs has been shown to regulate various types of immune cells.17 Thus, 

it is likely that HSCs produce retinoic acid during fibrosis, which then stimulates DCs 

to produce IL-22BP and subsequently reduces IL-22 activity. Further studies are needed 

to confirm this hypothesis. Because of its many beneficial effects and few side effects 

(owing to the restricted expression of IL-22R1), the functions and therapeutic applications 

of IL-22 in the treatment of various acute diseases that damage epithelial tissues, such as 
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acute liver failure (ALF), have been actively investigated, and IL-22 protein is currently 

under consideration for a phase II clinical trial for ALF.5,18 Hepatic and serum IL-22 levels 

have been examined in patients with various types of liver diseases. For example, hepatic 

IL-22 levels are highly elevated in patients with chronic viral hepatitis infection,9–11 but 

are undetectable in patients with alcoholic hepatitis (AH).19 These results suggest that 

AH patients may be sensitive to IL-22 therapy owing to low levels of endogenous IL-22, 

whereas viral hepatitis patients may not benefit because of high basal IL-22 levels. However, 

few studies have examined hepatic and serum levels of IL-22BP and the pathophysiological 

functions of IL-22BP in liver diseases. This is an important question that needs to be 

addressed in the future because IL-22BP is a potent inhibitor for IL-22, and high levels of 

IL-22BP could diminish the therapeutic effects of IL-22.
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Abbreviations:

AH alcoholic hepatitis

ALF acute liver failure

Bcl-2 B-cell lymphoma 2

Bcl-xL B-cell lymphoma-extra large

DCs dendritic cells

HBV hepatitis B virus

HCV hepatitis C virus

HSCs hepatic stellate cells

IL interleukin

IL-22BP IL-22 binding protein

Mcl-1 myeloid cell leukemia 1

NK natural killer

PBMCs peripheral blood mononuclear cells

SOCS3 suppressor of cytokine signaling 3

STAT3 signal transducer and activator of transcription 3

Th T helper
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Fig. 1. 
Interplay between IL-22 and IL-22BP in regulating liver fibrosis. IL-22, which is produced 

by immune cells, targets hepatocytes and HSCs by binding to IL-22R1 and IL-10R2. The 

well-documented hepatoprotective and antifibrotic effects of IL-22 are mediated by the 

promotion of hepatocyte survival and induction of HSC senescence, respectively. IL-22BP, 

which lacks both transmembrane and intracellular domains, binds to IL-22 with a 20- to 

1,000-fold higher binding affinity than IL-22R1 and subsequently blocks IL-22 activity, 

thereby exacerbating liver fibrogenesis.
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