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Introduction

Summary

During chronic inflammation, interleukin (IL)-22 expression is up-regulated
in both CD4 and CD8 T cells, exerting a protective role in infections.
However, in autoimmunity, IL-22 appears to have either a protective or a
pathogenic role in a variety of murine models of autoimmunity and, by
extrapolation, in humans. It is not clear whether IL-22 itself mediates
inflammation or is a by-product of inflammation. We have taken advantage
of the dominant negative form of transforming growth factor beta receptor
type II (dnTGF-BRII) mice that develop both inflammatory bowel disease
and autoimmune cholangitis and studied the role and the biological
function of IL-22 by generating IL-227~ dnTGF-BRII mice. Our data
suggest that the influence of IL-22 on autoimmunity is determined in part
by the local microenvironment. In particular, IL-22 deficiency exacerbates
tissue injury in inflammatory bowel disease, but has no influence on either
the hepatocytes or cholangiocytes in the same model. These data take on
particular significance in the previously defined effects of IL-17A, IL-12p40
and IL-23p19 deficiency and emphasize that, in colitis, there is a dominant
role of IL-23/T helper type 17 (Th17) signalling. Furthermore, the levels of
IL-22 are IL-23-dependent. The use of cytokine therapy in patients with
autoimmune disease has significant potential, but must take into account
the overlapping and often promiscuous effects that can theoretically
exacerbate inflammation.
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development and pathogenesis of autoimmune diseases,
including systemic lupus erythematosus (SLE), rheumatoid

Interleukin (IL)-22 is a cytokine of the IL-10 family that is
produced preferentially by T helper type 17 (Th17) cells.
IL-22 receptors are not expressed on immune cells, but
expressed on various tissue cells including liver and intes-
tine [1], thus providing signalling from the immune system
to tissue. During chronic inflammation, IL-22 is up-
regulated highly by both CD4 and CD8 T cells and exerts a
protective role against infections [2—4]. Recently, however,
emerging evidence indicates that IL-22 is involved in the

arthritis (RA), Sjogren’s syndrome (SS) and autoimmune
hepatitis (AIH) [5-7]. Indeed, aberrant expression of IL-22
in targeted tissues has been observed in several auto-
immune diseases [6], but it is not clear whether IL-22 itself
mediates the inflammation or is a by-product of the
chronic inflammation. In animal models of autoimmune
disease, analysis of IL-22-deficient mice or inhibition of
IL-22 protein demonstrated that IL-22 plays either a
pathogenic or protective role [8,9]. For example, IL-22
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knock-out mice were less susceptible to collagen-induced
arthritis than wild-type mice [10], suggesting that IL-22 medi-
ates inflammation. Conversely, IL-22 prevented tissue injury
in mice with inflammatory bowel disease [11,12], and hepato-
cytes from mice deficient in IL-22 are highly sensitive to auto-
immune hepatitis [9]. We postulate that a protective versus a
pathological effect of IL-22 in autoimmune disease may
depend upon the distinct tissue microenvironment.

We have reported that mice transgenic for the dominant
negative form of transforming growth factor beta receptor
type II (dnTGF-BRII), under the control of the CD4 pro-
moter, develop inflammatory bowel disease (IBD) sponta-
neously [13]. In addition, dnTGF-BRII mice develop
intrahepatic bile duct-targeted autoimmune disease with
substantial similarity to human primary biliary cholangitis
(PBC), which is an organ-specific autoimmune disease
characterized by destruction of intrahepatic small bile duct
epithelial cells [14]. Deletion of IL-12p40 in dnTGF-BRII
mice, which results in deficiency of both IL-12 and IL-23,
leads to marked diminution of inflammation in both the
liver and the colon, indicating that a highly dysregulated
Th1/Th17 cell response leads to the development of auto-
immune disease [15]. Deletion of IL-23p19 in dnTGF-BRII
mice resulted in a marked reduction of the Th17 cell popu-
lation followed by prevention of colitis, but not cholangitis,
suggesting a dominant role of IL-23/Th17 signalling in the
pathogenesis of IBD [16]. However, deletion of IL-17A did
not suppress either colitis or cholangitis in the dnTGF-
BRII mice, implying that IL-17A is not necessary for dis-
ease development [16]. These results prompted us to
hypothesize that IL-22 may play a pathological role in the
development of autoimmune disease, as Th17 cells are also
a major producer of IL-22. We demonstrate herein that lev-
els of IL-22 were increased significantly in dnTGF-BRII
mice and its production is IL-23-dependent. To understand
further the role of IL-22 in the dnTGF-BRII mice model,
we generated IL-227~ dnTGF-BRII mice by back-crossing
IL-227"~ C57/BL6 mice to dnTGF-BRII mice and evaluated
the effect of IL-22 in the pathogenesis of disease. We dem-
onstrated that depletion of IL-22 did not affect the severity
of cholangitis significantly, but exacerbated colitis com-
pared with the control dnTGF-BRII mice. In addition,
deletion of IL-22 elicited an enhanced Thl response. Our
data suggest that IL-22 is a potential protective factor
against colitis in this chronic inflammatory model.

Materials and methods

Animals

The dnTGE-BRII and IL-227"~ colony on a C57BL/6 back-
ground [B6.Cg-Tg (CD4-TGF-BRII)16Flv/]] was main-
tained at the University of California at Davis (Davis, CA,
USA). The C57BL/6 background IL-23p197~ mice were
generous gifts from Dr Frederic J. de Sauvage (Genentech,
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South San Francisco, CA, USA). IL-23p19”~ dnTGF-BRII
mice were generated as described previously [16]. For gen-
erating IL-227~ dnTGF-BRII mice, male dnTGF-BRII mice
were mated with female IL-227" mice to obtain male
IL-22"~ dnTGEF-BRII mice, which were subsequently
back-crossed with female IL-227" mice to obtain IL-227~
dnTGF-BRII mice. The parental dnTGF-BRII and the
derived IL-227"dnTGEF-BRII mice were genotyped at 3—4
weeks of age to confirm the dnTGF-BRII and IL-227~
genes in their genomic DNA [9,14]. All mice were fed with
sterile rodent Helicobacter Medicated Dosing System
(three-drug combination) diets (Bio-Serv, Frenchtown, NJ,
USA) and maintained in individually ventilated cages
under specific pathogen-free conditions. Sulfatrim (Hi-
tech Pharmacal, Amityville, NY, USA) was delivered
through drinking water. At 24 weeks of age, animals were
killed to collect sera, spleen, liver and colon tissues. The
experimental protocols were approved by the University of
California Animal Care and Use Committee.

Histopathology

Immediately upon killing, the liver and colon were excised
from dnTGF-BRII mice, fixed in 4% paraformaldehyde,
embedded in paraffin, cut into 4-um sections, deparaffi-
nized and stained with haematoxylin and eosin (H&E).
Pathological changes were evaluated using light microscopy
[14,15]. The liver histopathology was graded as: 0, no
inflammation (or bile duct damage); 1, mild inflammation
(or bile duct damage); 2, moderate inflammation (or bile
duct damage); and 3, severe inflammation (or bile duct
damage) [15,16]. The colon histopathology was graded as:
0, no significant changes; 1, minimal scattered mucosal
inflammatory cell infiltrates, with or without minimal epi-
thelial hyperplasia; 2, mild scattered to diffuse inflamma-
tory cell infiltrates, sometimes extending into the
submucosa and associated with erosions, with mild to
moderate epithelial hyperplasia and mild to moderate
mucin depletion from goblet cells; 3, moderate inflamma-
tory cell infiltrates that were sometimes transmural, with
moderate to severe epithelial hyperplasia and mucin deple-
tion; and 4, marked inflammatory cell infiltrates that were
often transmural and associated with crypt abscesses and
occasional ulceration, with marked epithelial hyperplasia,
mucin depletion and loss of intestinal glands [16-18].

Flow cytometry

Mononuclear cells (MNCs) were isolated from spleen, liver
and mesenteric lymph nodes (MLNs), as described previ-
ously [16,18,19]. For cell surface staining, 1 X 10° MNCs
were resuspended in staining buffer [0-2% bovine serum
albumin (BSA), 0-04% ethylenediamine tetraacetic acid
(EDTA) and 0-05% sodium azide in phosphate-buffered
saline (PBS)], divided into 25-pl aliquots, and incubated
with anti-mouse FcR blocking reagent (eBioscience, San
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Diego, CA, USA) for 15 min at 4°C. Cells were washed and
stained for 30 min at 4°C with cocktails containing combi-
nations of fluorochrome-conjugated monoclonal antibod-
ies (mAbs) for cell surface markers CD4, CD8«a, CD44,
CD62L, natural killer (NK)1-1, Gr-1 (BioLegend, San
Diego, CA, USA) and T cell receptor (TCR)-B, CD11b,
CD19 (eBioscience). To evaluate T cell activation, mAbs for
CD44 and CD62L (BioLegend) were used. IgG isotype anti-
bodies with matching conjugates (all from BioLegend)
were used in parallel as negative controls. The cells were
then washed with PBS containing 0-2% BSA (PBS-BSA).
For intracellular cytokine staining, 1 X 10° cells were resus-
pended in 10% fetal bovine serum (FBS) RPMI and stimu-
lated with leucocyte activation cocktail in the presence of
BD GolgiPlug (BD Pharmingen, San Diego, CA, USA) at
37°C for 4 h. The cells were washed once with PBS—BSA
and then stained for surface CD4, CD8, NK1-1 and TCR-j3,
fixed and permeabilized with BD Cytofix/Cytoperm Solu-
tion (BD Biosciences, San Diego, CA, USA). The cells were
stained for intracellular interferon (IFN)-y (BioLegend), as
described previously [29]. A fluorescence activated cell
sorter (FACS)can flow cytometer (BD Immunocytometry
Systems, San Jose, CA, USA), upgraded for detection of
five colours by Cytek Development (Fremont, CA, USA),
was used to acquire data, which were analysed with Cell-
quest PRO software (BD Immunocytometry Systems).

Evaluation of serum anti-mitochondrial antibodies
(AMA)

Serum anti-mitochondrial antibodies (AMAs) were
detected using the enzyme-linked immune-sorbent assay
(ELISA) based on recombinant human pyruvate dehydro-
genase multi-enzyme complex (PDC-E2), as described pre-
viously [14,20]. The serum samples were tested at a
dilution of 1 : 250. Immunoreactivity was determined by
measuring the optical density at 450 nm after incubation
with 100 pl of tetramethylbenzidine substrate (BD Bio-
sciences) for 30 min.

Inflammatory cytokine analysis

For analysis of cytokines secreted from cultured T cells,
CD4 and CD8 T cells were isolated from spleen MNCs
with CD4 (L3T4) and CD8 (Ly-2) MicroBeads (Miltenyi
Biotec Inc., Auburn, CA, USA), respectively. Aliquots of
1.0 X 10° CD4 or CD8 T cells were cultured in 96-well
round-bottomed plates in 200 pl of RPMI-1640 supple-
mented with 10% heat-inactivated FBS (GiBco-Invitrogen
Corp., Grand Island, NY, USA), 100 pg/ml streptomycin,
100 U/ml penicillin and 0-5 pg/ml each of anti-CD3 (BioL-
egend) and anti-CD28 (BioLegend). The cultures were
incubated for 72 h at 37°C in a humidified 5% CO, incuba-
tor, then centrifuged to collect supernatants. Similar
experiments were performed using MNCs isolated freshly
from livers of mice.

Levels of IL-17A, tumour necrosis factor (TNF)-a, IL-6,
IL-10, IL-4, IL-2 and IFN-vy in serum or cell culture super-
natant were measured with a cytokine bead array assay
using the mouse T helper type 1 (Th1)/Th2/Th17 cytokine
kit (BD Biosciences). Levels of IL-22 were measured using
the Quantikine mouse mouse/rat IL-22 immunoassay kit
(R&D Systems, Minneapolis, MN, USA).

Statistical analysis

Two-tailed unpaired t-test, one-way analysis of variance
(anova) followed by Bonferroni’s multiple-comparisons
test or y” test were used for different analyses as appropri-
ate. P-values < 0-05 were considered statistically significant.

Results

IL-22 is elevated and IL-23-dependent in dnTGF-BRII
mice

Our previous data demonstrated that in addition to IFN-y,
the level of IL-22 is increased significantly in dnTGF-BRII
mice [16,21]. To investigate whether IL-22 expression is
induced by IL-23, we compared serum levels of IL-22 and
IFN-vy in IL-23p197"~ dnTGF-BRII mice with age-matched
dnTGF-BRII mice. Deletion of IL-23p19 in the dnTGF-
BRII mice did not affect the level of IFN-vy but suppressed
the production of IL-22 significantly (Fig. la). Hepatic IL-
22 was also decreased significantly in IL-23p19™~ dnTGF-
BRII liver compared to dnTGE-BRII mice, reduced to a
level comparable to control C57BL/6 mice (Fig. 1b). In
contrast, the level of colonic IL-22 was not affected signifi-
cantly by depletion of IL-23p19 in dnTGF-BRII mice (Fig.
1b). Given that IL-22 production is not changed in IL-
12p357~ dnTGF-BRII mice (as we demonstrated previ-
ously) [21], these data indicate that elevated production of
IL-22 in dnTGF-BRII mice is dependent upon IL-23.

To determine further whether the high level of IL-22 in
liver of dnTGF-BRII mice is due to the infiltrating T cells,
we assessed the cytokine production by ex-vivo stimulation
of hepatic mononuclear cells (HMNCs), isolated from
dnTGE-BRII, IL-23p19~~ dnTGF-BRII mice and C57BL/6
control littermates. Figure 1c shows that IL-22 production
by HMNGCs increased significantly in dnTGF-BRII mice
compared to C57BL/6 mice.

Depletion of IL-22 did not affect the severity of
cholangitis in dnTGF-BRII mice

To address whether IL-22 is involved in the pathogenesis of
autoimmune cholangitis in dnTGF-BRII mice, we back-
crossed IL-227"" mice with dnTGF-BRII mice to generate
IL-227~ dnTGF-BRII mice. The pathological changes in
livers of mice were evaluated at 24 weeks of age. As shown
in Fig. 2, the levels of portal inflammation and bile duct
damage were not affected by deletion of the IL-22 gene,
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while the lobular inflammation was more severe in IL-227~
dnTGF-BRII mice than that of age-matched dnTGF-BRII
mice (Fig. 2b).

Depletion of IL-22 exacerbates colitis in dnTGF-BRII
mice

As 24-week-old dnTGF-BRII mice also exhibited chronic
inflammatory disorders in their intestines [13,15,16], we
next compared the severity of colitis in 24-week-old IL-
227" dnTGF-BRII mice with age-matched dnTGF-BRII
mice. As shown in Fig. 3a, the mouse body and colon
weights, which are correlated inversely or positively with

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 185: 154-164

severity of colitis, respectively, were decreased significantly
in IL-227"~ dnTGF-BRII mice. More importantly, the levels
of colon inflammation and epithelial cell dysplasia were
much higher in the colons of IL-227"~ dnTGF-BRII mice
than dnTGF-BRII mice (Fig. 3b,c). In addition, a relatively
higher incidence of colonic ulcer was also observed in IL-
227"~ dnTGF-BRII mice (Fig. 3c).

Increased Th1 response in IL-227~ dnTGF-BRII mice

To address the role of IL-22 on T cell activation in dnTGF-
BRII mice, mononuclear cells were isolated from the
spleen, liver and MLNs of 24-week-old mice. The cells were
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Fig. 2. Live histopathology in interleukin (IL)-227~ dominant negative form of transforming growth factor beta receptor type II (dnTGE-BRII)
mice. (a) Representative haematoxylin and eosin staining of liver sections. (b) Pathological score of portal inflammation, lobular inflammation

and bile duct damage in IL-227- dnTGF-BRII (n=20) compared to parental dnTGF-BRII mice (n = 22). The lobular inflammation score was
higher in IL-227~ dnTGE-BRII mice than in dnTGF-BRII mice. *P < 0-05 determined using % test.
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stimulated with phorbol myristate acetate (PMA) and ion-
omycin and quantified for IFN-y expression by intracellu-
lar staining. The frequency of IFN-y-producing cells was
increased significantly in both CD4 and CD8 T cells from
IL-227~ dnTGF-BRII mice regardless of the organs from
which cells were isolated (Fig. 4a). Similar results were
observed in T cells from the mice at the age of 8 weeks,
which was before the onset of colitis (data not shown).
These data indicate that depletion of IL-22 promotes the
capability of T cells to produce IFN-y in dnTGF-BRII
mice.

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 185: 154-164

To evaluate further the function of T cells in inflamma-
tory cytokine production, we isolated CD4 T and CD8 T
cells from the spleen of 24-week-old IL-22~'~ dnTGE-BRII
mice and age-matched dnTGF-BRII mice. The cells were
cultured with anti-CD3/CD28 antibody for 3 days and the
supernatants were analysed for concentrations of Th1, Th2
and Thl7 cytokines. As shown in Fig. 4b, the levels of
secreted IFN-y were increased significantly in both CD4
and CD8 T cells from IL-227"~ dnTGF-BRII mice compared
to those from dnTGF-BRII mice. Notably, CD4 T cells
from IL-227~ dnTGE-BRII mice produced approximately
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Fig. 4. Activation of T cells in interleukin (IL)-227"~ dominant negative form of transforming growth factor beta receptor type Il (dnTGE-BRII)
mice. (a) Frequency of interferon (IFN)-y expressing cells within CD4 and CD8 T cell populations isolated from spleen, liver and mesenteric
lymph nodes (MLNs) of IL-227~dnTGF-BRII mice compared with parental dnTGE-BRII mice. (b) Production of inflammatory cytokines by
CD4 and CD8 T cells stimulated with anti-CD3/CD28 antibodies for 3 days. Each group included three to five mice aged 24 weeks. *P < 0-05;
**P<0-01; ¥*P<0-001; ****P < 0-0001 determined using two-tailed unpaired #-test.

10-fold more IFN-vy and IL-4 than those from dnTGF-BRII
mice. Although to a much lesser extent, there was also an
increase in other cytokines secreted by IL-227~ dnTGF-
BRII CD4 T cells, including IL-2, IL-6, IL-10, IL-17A and

TNF-a (Fig. 4b). In CD8 T cells, only IFN-y and TNF-a
were higher in IL-227"~ dnTGF-BRII mice than in dnTGF-
BRII mice (Fig. 4b). Compared to CD4 T cells, CD8 T cells
produced much less IFN-y in IL-227~ dnTGE-BRII mice
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(ratio of CD4/CD8, IL-227~ dnTGF-BRII versus dnTGF-
BRIL: 7-7 versus 1-2). These data suggest that deletion of IL-
22 in dnTGF-BRII mice enhances the production of Thl-
dominant inflammatory cytokines from the T cells.

We next assessed whether deficiency of IL-22 causes a
change in distribution of immune cells in diseased mice. The
frequency of immune cell subpopulations in liver and spleen
of IL-227" dnTGF-BRII mice was compared to that of
dnTGF-BRII mice. The total number of mononuclear cells in
liver and spleen did not exhibit differences between the two
group mice (data not shown). However, as shown in Fig. 5a,
the percentages of CD4 T cells and Gr-1"/CD11b" granulo-
cytes were higher, whereas the percentage of NK T cells was
much lower, in the spleens of IL-227"~ dnTGF-BRII mice than
dnTGF-BRII mice. Analysis of intrahepatic mononuclear cells
revealed an increase of CD4 T cells, but not CD8 T cells, in IL-
227~ dnTGF-BRII mice (Fig. 5a). In addition, the frequencies
of effector (CD44" CD62L7) CD4 and CD8 T cells was not
significantly different between IL-227~ dnTGF-BRII and
dnTGF-BRII mice (Fig. 5b), indicating that deletion of the IL-
22 gene did not affect the T cell activation. Because CD8 T
cells are the major inflammatory cells destroying biliary epi-
thelial cells, as we demonstrated previously [22], an accumula-
tion of CD4 T cells might be responsible for the higher degree
of parenchymal inflammation in the liver of IL-227~ dnTGF-
BRII mice.

Depletion of IL-22 did not alter AMA production in
dnTGF-BRII mice

To assess whether IL-22 regulates autoantibody production,
the levels of anti-PDC-E2 antibodies were measured in
serum of IL-227"~ dnTGE-BRII mice. There were no signifi-
cant differences in the levels of AMA between the IL-227~
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dnTGF-BRII and dnTGF-BRII mice at 24 weeks of age
(Fig. 6).

Discussion

IL-22 is important in maintaining mucosal barrier function
and tissue homeostasis through its pro- and anti-
inflammatory effects [23,24]. IL-22-producing CD4 T cells
are reduced significantly in actively inflamed tissues com-
pared to both normal tissue and healthy controls in
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Fig. 6. Serum levels of anti-mitochondrial antibodies (AMA). Serum
lever of anti- pyruvate dehydrogenase multi-enzyme complex (PDC-
E2) antibodies in interleukin (IL)-227~ dominant negative form of
transforming growth factor beta receptor type II (dnTGF-BRII) mice
(n=18) were compared with parental dnTGF-BRII mice (n=10) by
a enzyme-linked immunosorbent assay (ELISA). There was no
significant different between the two groups. Horizontal bars
represent median values.
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ulcerative colitis patients [25]. The depletion of IL-22 is
associated with specific alteration to the bacterial commun-
ities of the mucosal microbiota [25]. Using animal models
of gene knock-out or inhibition of IL-22 protein, it has
been demonstrated that IL-22 plays either an inflammatory
role or a protective role in the pathogenesis of different
autoimmune diseases, which varies depending on the spe-
cific disease model [10,11,26]. In this study utilizing the
dnTGF-BRII mouse model, which develops both colitis
and autoimmune cholangitis induced by spontaneously
activated T cells, we demonstrated that the depletion of IL-
22 did not affect significantly the severity of portal inflam-
mation and small bile duct damage while mesenchymal
inflammation was elevated in their livers. In contrast, the
severity of colitis was higher in IL-227~ dnTGF-BRII mice
than that in dnTGF-BRII mice, suggesting a potential pro-
tective role of IL-22 on colitis in this chronic inflammatory
model, while the efficiency on cholangitis seems
inadequate.

Compared to CD8 T cells, IFN-y-producing CD4 T cells
were increased more significantly in IL-227"~ dnTGE-BRII
mice (Fig. 4), suggesting that the major function of IL-22 is
suppressing the generation of IFN-y-producing CD4 T
cells. Indeed, neutralization of IL-22 resulted in a signifi-
cant increase of Thl response and reduced severity of dis-
ease significantly in the collagen-induced arthritis animal
model [27]. We have demonstrated previously that transfer
of CD8 T cells from the dnTGF-BRII mice into Ragl™~
recipients resulted in autoimmune cholangitis similar to
that in the donor mice, while transfer of CD4 T cells led
predominantly to colitis [22]. These data indicate that CD8
T cells are the major pathogenic effector for development
of cholangitis, whereas CD4 T cells are involved potentially
in the induction of IBD. Our results in this study are in
agreement with this notion. More importantly, the partial
protective effect of IL-22 in dnTGF-BRII mice may be
mediated by suppression of autoactivated IFN-y-
producing CD4 T cells.

The pathogenic roles of the IL-12/Th1 and IL-23/Th17
signalling pathways have been addressed in the dnTGF-
BRII mouse model by analysis of colitis and cholangitis in
different signalling-deficient mouse strains. Several studies
have demonstrated that IL-12/Thl immunity is necessary
and sufficient for the development of cholangitis in
dnTGF-BRII mice, whereas the IL-23/Th17 signalling path-
way is required for the development of colitis
[14-16,21,28,29]. However, we should also note that both
IL-17A and IL-22 are the major cytokines produced by IL-
23-triggered Th17 cells [30,31]. As we reported previously,
deletion of the IL-17A gene in dnTGF-BRII mice does not
affect the severity of either cholangitis or colitis [16], indi-
cating that IL-17 is not a key factor in the pathogenic IL-
23/Th17 axis in the development of colon disease of the
dnTGF-BRII mice. In the current study, we demonstrated
further that genetic deletion of IL-22 did not suppress but,

instead, exacerbated colitis in dnTGF-BRII mice, while
the mouse cholangitis was not affected significantly (Figs
2 and 3). Our data indicate that IL-22 is not a patho-
genic factor for the development of IBD in dnTGF-BRII
mice. Therefore, which signalling driven by IL-23 con-
tributes to the induction of colitis needs to be explored
further. In fact, the production of several inflammatory
cytokines such as TNF-a, IL-2, IL-6 and IL-10 are sup-
pressed in IL-23p19_/_ dnTGF-BRII mice [16], whereas
the expression of these cytokines are increased in IL-
2277 dnTGF-BRII mice (Fig. 4). These cytokines may
contribute to autoimmunity targeted towards intestine
epithelial cells. In addition, the contribution of IL-17 to
colitis cannot be excluded, as the production of IL-17
by CD4 T cells from IL-227~ dnTGF-BRII mice was ele-
vated, as shown in Fig. 4.

Recently, we have examined the role of IL-22 in an
inducible animal model of cholangitis, in which mice
developed PBC-like disease after immunization with xeno-
biotic mimic, i.e. 2-octynoic acid (20A)-BSA [32-34]. We
demonstrated that 20A-BSA-immunized IL-227~ mice had
significantly decreased cholangitis compared to wild-type
mice [32]. Although the IFN-vy- and IL-17A-producing T
cells were not affected in the IL-227~ mice after immuniza-
tion [32], it appears that IL-22 plays a proinflammatory
role in the induction of cholangitis. In the current study,
however, depletion of IL-22 in dnTGF-BRII mice did not
change the extent of cholangitis in liver while the colitis
was exacerbated. These contradictory effects of IL-22 on
cholangitis are probably dependent upon a different disease
model. In addition, deletion of the IL-22 gene or over-
expression of IL-22 in mice may cause distinct effects on
disease development. For example, over-expression of IL-
22 in mice with IL-22 expressing adeno-associated virus
vector (AAV-IL-22) reduced significantly the portal inflam-
matory response and biliary cell damage in xenobiotics-
immunized mice. The potential role of IL-22 is not only in
protecting mice from autoimmune cholangitis, but also in
treating animals with established portal inflammation [35].
The levels of Th1 cytokines such as [FN-y and TNF-a were
also decreased significantly in livers of the AAV-IL-22-
treated mice [35]. These data show clearly the protective
role of IL-22 on cholangitis, although such effects are not
clear in the dnTGF-BRII mouse model, as we demonstrated
in the current study. Additionally, we should note that IL-
22 also exacerbated chronic liver inflammation as exhib-
ited, for example, in acetaminophen-induced liver injury
and the hepatitis B virus (HBV) transgenic mouse model
[36,37].

These data take on significance in PBC in which, thus
far, there has not been a successful translation of the critical
immunological and molecular data in both human and
murine models towards new therapy [38-46]. In addition,
we should note that further attention should be placed not
only on the local tissue microenvironment, but also on
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innate immunity, not only in PBC but also in other auto-
immune diseases [35,47-49]. We recognize that IL-22 has
both pro- and anti-inflammatory functions, which will be a
key issue for development of a novel therapeutic approach
based on this molecule.
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