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Abstract: IL.-22-producing helper T cells (Th22 cells) have been reported to be involved in IgA nephropathy. However,
the mechanisms underlying the differentiation and immune regulation of Th22 cells in IgA nephropathy remain
unknown. To elucidate the mechanisms by which Th22 cells differentiate and are recruited into the kidney in IgA
nephropathy, the distribution of Th22 cells in both the kidney and blood was determined. Additionally, the impacts
of proinflammatory cytokines and antigen presentation in the kidney on Th22 cell differentiation were explored.
Specifically, the chemoattractant activities of chemokines produced by the kidney for Th22 cells were investigated.
Th22 cells were significantly higher both in the kidney and in the blood in IgA nephropathy mice. IL-13, IL-6, IL-21
and/or TNF-a promoted Th22 cells differentiation from CD4* T cells. It was observed that kidneys undergoing IgA
nephropathy expressed CCL20, CCL22 and CCL27, and kidney supernatants were chemotactic for Th22 cells. This
activity was partially blocked by anti-CCL20, anti-CCL22, and anti-CCL27 antibodies, which also potentially improved
renal lesions simultaneously. The overrepresentation of Th22 cells in IGAN may be attributable to the actions of
kidney chemokines and cytokines. Our data suggest a collaborative loop between the kidney and Th22 cells in IgA

nephropathy.
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Introduction

IgA nephropathy (IgAN) is a disease that is
caused by the presence of glomerular immune
complexes, and humoral and cell-mediated
immune responses may be present throughout
a portion of or all subsequent pathophysiologi-
cal processes. IL-22 is a member of the IL-10
cytokine family, and studies have shown that
IL-22 expression is dysregulated in certain
human diseases, including mucosal-associat-
ed infections and inflammatory disorders of the
intestine, skin, and joints [1, 2]. Studies exam-
ining new subsets have confirmed the impor-
tant role of T cells in the instruction of tissue
cells and have demonstrated the important
role of feedback regulation for polarization
toward distinct T cell subsets. The CD3/CD4
proportion is a strong prognostic marker in
IgAN [3]. Th17 and Th22 cells are emerging Th
cell subsets that link the immune response to
tissue inflammation; these cells are driven by

their respective prototype cytokines, IL-17 and
IL-22. Both cytokines play roles in immune
defense against extracellular bacteria: IL-17
augments inflammation, and an increased
number of Th22 cells has been correlated with
Th17 cells in the peripheral blood of patients
with IgAN [4, 5]. Poly IgG dysfunction is present
in IgAN, and mucosal infections expand this
dysfunction [6]. It was recently shown that che-
mokines, a group of small proteins, serve as
key regulators of directional T cell trafficking
under inflammatory conditions achieved by the
differential expression of corresponding che-
mokine receptors on the surface of leukocyte
subsets. Th22 polarized cells preferentially
express CCR4, CCR6, and CCR10; the highly
specific ligands for these receptors are CCL22,
CCL20, and CCL27, respectively. It can be
argued that these chemokines play critical
roles in both B and T cell development. The
expression of these receptors may change
depending on the activation status of the T cell
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[7], For example, CCR8 is only strongly ex-
pressed in inactivated Th2 cells [8].

In a previous study, we showed that the Th17
cell numbers were significantly increased in
IgAN compared with normal conditions, and the
overrepresentation of Th17 cells in IGAN might
be attributable to Th17 cell differentiation and
expansion stimulated by kidney proinflamma-
tory cytokines, as well as the recruitment of
Th47 cells from the peripheral blood induced by
kidney chemokines CCL20 [9]. Recently, it has
been reported that, such as Th17 cells, Th22
cells may also contribute to the immune res-
ponse in human malignancies. Th22 cells were
present in higher percentages in IgAN patients
with proteinuria than in IgAN patients without
proteinuria and were shown to be involved in
the immune responses observed in IgAN [10,
11]. In the present study, we investigated the
distribution of IL-22-producing CD4* T cells in
IgAN and explored the possible mechanism for
the differentiation and recruitment of Th22
cells in IgAN.

Materials and methods
Animals and ISAN mode

Experiments were conducted according to the
Guiding Principles in the Care and Use of
Laboratory Animals. The protocol was approved
by the animal experimental ethics committee of
Hunan Province (Permit Number: 20150003).
All efforts were made to minimize animal suf-
fering. BABL/c female mice (19+2 g) were
obtained from Experimental Animal Center of
Central South University (Changsha, Hunan,
China) at 6 weeks of age. All animals were
raised under ideal temperature, humidity and
specific pathogen-free conditions and had free
access to standard mouse chow and drinking
water. The IgAN model was induced by BSA
(Roche, USA) in acidified water with CCI4 and
castor oil combined with LPS (Sigma, USA) (50
ug) at different time points over two months
after adaptive feeding for a week [9].

ISAN mice were received no treatment. The
HS-IgAN group was subjected to intranasal
infection with live alpha-hemolytic streptococ-
cus (a-HS) during the 10" week. a-HS was iso-
lated from human tonsils and inoculated intra-
nasally at a dose of 2*108% CFUs in 10 ml of
PBS/mouse (5 ml/nostril). Anti-CCL interven-
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tion groups were sensitized by the intraperito-
neal injection of anti-CCL antibodies alone or in
combination (Abcam, USA) (100 pg/mouse).
Controls received equal amounts of distilled
water. All mice were terminated at the 11%
week after the administration of HS and/or
CCL20 antibody [9, 12-15].

Sample collection and processing

Samples of approximately 1 milliliter of whole
blood were collected from each mouse in hepa-
rin-treated tubes, then centrifuged at 500 g for
10 min. After absorbing the plasma and diluting
with PBS at the ratio of 1:1, mononuclear cells
were isolated by Ficoll gradient centrifugation
(GE, USA) within 1 hour to evaluate T cell su-
bsets.

Isolation of kidney lymphocytes

In brief, kidneys were finely minced and digest-
ed for 30 min at 37°C with 0.5 mg/ml collage-
nase IV (Sigma, USA) in DMEM medium (Roche)
supplemented with 10% heat-inactivated FCS
(Invitrogen). Cell suspensions were sequentially
filtered through 200-um nylon mesh and wa-
shed twice with PBS. Single-cell suspensions
were separated using Ficoll PAQUR PLUS (GE,
USA). The leukocyte-enriched cell suspension
was aspirated above the Ficoll layer. The single-
cell suspension of lymphocytes was then resus-
pended in RPMI 1640 with 10% FCS (Invitrogen).
Viability of the cells was assessed by trypan
blue staining before flow cytometry.

Flow cytometry

The expression of markers on T cells from kid-
ney and blood was determined by flow cytome-
try after surface or intracellular staining with
anti-mouse-specific Abs conjugated with APC-
Cy7, FITC, APC, PE, PE-cy7, BV-421, and APC.
These mouse Abs included anti-CD3, anti-CD4,
anti-IFN-y, anti-IL-17, anti-1L-22, anti-CCR4, anti-
CCR6, and anti-CCR10 Abs, which were pur-
chased from BD Biosciences (Franklin Lakes,
NJ) or R&D Systems (Minneapolis, MN). In-
tracellular staining for IL-22, IL-17, or IFN-y was
performed with anti-IL-22, anti-IL-17 or anti-
IFN-y mAbs on T cells stimulated with Leukocyte
Activation Cocktail (2 yl/ml, BD) at 37°C in 5%
CO, for 5 hours. To identify PMCs, appropriate
species-matched Abs served as isotope con-
trols. Flow cytometry was performed on a FACS
Canto Il system (BD Biosciences) and analyzed
using BD FCS in the FlowJo software.
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Renal histopathology [16]

Renal tissues were fixed in 4% paraformalde-
hyde and serially cut after paraffin embedding.
Tissue sections (1.5 mm in thickness) were
stained with hematoxylin and eosin (HE) and
periodic acid-Schiff (PAS) reagents. The stained
kidney and lung sections were examined and
analyzed by a renal pathologist under a light
microscope. The percentage of abnormal glom-
eruli was evaluated by examining abnormalities
in at least 50 glomeruli per mouse. Light mi-
croscopy and immunohistochemistry were per-
formed utilizing routine procedures. Paraffin-
embedded sections (2 um) were stained with
CCL20, CCL22, CCL27 mAbs.

Differentiation of Th22 cells

Purified naive CD4" T cells (5*10%) were cul-
tured in 1 ml of complete medium containing
mouse IL-2 (30 U/ml) in 6-well plates and stimu-
lated with plate-bound anti-CD3 (1 ug/ml) and
soluble anti-CD28 mAbs (1 yg/ml) for 7 d. The
exogenous cytokines were IL-13 (30 ng/ml),
IL-6 (200 ng/ml), IL-21 (30 ng/ml), TNF-a (30
ng/ml), and combined recombinant cytokines
that were purchased from R&D Systems. Cells
were harvested and intracellularly stained for
IL-22 and were then analyzed by flow cytometry
as described above.

Naive CD4* T cells were isolated by MACS
based on negative selection using the Naive
CD4* T cell isolation kit for mouse (GE, USA)
according to the manufacturer’s instructions.
The purity of naive CD4* T cells was > 97%, as
measured by flow cytometry. To isolate PMCs,
whole blood cell pellets were resuspended in
RPMI-1640 (Gibco, CA) containing 10% heat-
inactivated fetal bovine serum (FBS; Gibco) and
20 ng/ml epidermal growth factor (R&D Sys-
tems). The cells were seeded into 6-well-plates
at a density of 2 x 10° cells/well and placed in
an incubator at 37°C in 5% CO, [17].

Chemokine-mediated chemotaxis of Th22 cells
in vitro

For chemotaxis assays, 5-um-pore polycarbon-
ate filters in 24-well Transwell chambers (Cor-
ning Costar, Corning, NY) were used. Transwell
membranes were coated with fibronectin (5
ug/ml; Chemicon International, Schwalbach,
Germany) for 30 min at 37°C. Purified CD4* T
cells from blood (2*10°) resuspended in RPMI
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1640 medium with 0.5% FBS in a final volume
of 100 ul were added into the top chamber.
IgAN kidney tissue homogenates in a volume of
600 ul were placed in the bottom chamber, and
the chambers were incubated for 3 h at 37°Cin
a 5% CO, atmosphere. Finally, the total number
of cells that migrated into the bottom chamber
were harvested and intracellularly stained for
IL-22 and then analyzed by flow cytometry as
described above. The chemotaxis index was
calculated by dividing the migrated Th22 cell
numbers in response to IgAN by the migrated
Th22 cell numbers in response to medium
alone. To investigate whether CCL20, CCL22, or
CCL27 contributed to Th22 cell migration,
blocking experiments were performed by mix-
ing the homogenates with 100 ng/ml anti-
CCL20 (R&D Systems), anti-CCL22 (R&D Sys-
tems), anti-CCL27 (Abcam), a combination of
these three mAbs, or an irrelevant mouse IgG
isotope control (R&D Systems) [17, 18].

Statistical analysis

Data are expressed as the mean + SEM (unless
otherwise indicated in the figure legends). Data
comparisons between different groups were
performed using the Mann-Whitney U-test or
the Kruskal-Wallis one-way analysis of variance
for ranking. The correlations between variables
were determined by calculating Spearman rank
correlation coefficients. Analysis was complet-
ed with SPSS version 19.0 statistical software
(Chicago, IL, USA), and p values of less than
0.05 were considered to indicate statistical
significance.

Results

Increased proportions of Th22, Th17, Thl,
and Th22 cells the and cell surface receptors
CCR4, CCR6, and CCR10 in IgAN

It has been noted that Th22 cell numbers are
always linked with Th17 cells and Thl cells [10,
20, 21]. We first performed flow cytometry on
mononuclear cells obtained from kidney and
blood with gating on CD3* and CD4* T cells
(Figure 1A). IFN-r*, IL-17* and IL-22* CD4* T cells
were observed in both kidney and blood (Figure
1B). Percentages of Th22 cells and the cell sur-
face receptors CCR4, CCR6, and CCR10 dem-
onstrated higher values both in blood (4.85
+0.41%, 1.58+0.18%, 3.62+0.15%, and 1.26+
0.08%, respectively) and kidney (19.35+0.63%,
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Figure 1. Percentages of Th22, Th17, and Th1 cells and Th22 chemokine receptors expressed in both blood and kidney. A. Th22, Th17, and Th1 cells within CD4*
T cells were identified based on their expression of CD3* and CD4*. B. Representative flow chart of Th22, Th17, and Th1 cells in the blood. C. Representative flow
chart of CCR4*, CCR6", and CCR10* within IL-22* T cells in the blood. D. Percentages of Th22 cells and their cell surface receptors CCR4, CCR6, and CCR10 pre-
sented increased values in IgAN mice and even higher values in HS-IgAN but were significantly downregulated in the CCL intervention group and the combination
group (n=3 per group). Horizontal bars indicate the mean + SE. The percentages of Th cells and CCRs were determined by flow cytometry, and appropriate species-
matched Abs served as isotype controls.
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Figure 2. Differentiation of Th22 cells from native CD4* T cells stimu-
lated by various cytokines. Purified naive CD4* T cells isolated from
the blood of IgAN mice were stimulated with plate-bound anti-CD3 and
soluble anti-CD28 monoclonal antibodies (mAbs) in the presence of
the designated cytokines, either alone or in combination. Seven days
after activation, the cells were simulated with Leukocyte Activation
Cocktail for 5 hours and analyzed for IL-22 expression after intracellu-
lar staining. The results are reported as the means and SEM from five
independent experiments. Comparisons were determined by perform-
ing Kruskal-Wallis one-way analysis of variance for ranking. “P<0.05
compared with the medium control.

3+ " p<0.05

Chemotactic Index

Figure 3. Chemokines in the kidney were chemotactic for IL.-22-produc-
ing Th22 cells. CCL20, CCL22, and CCL27 were chemotactic for Th22
cells in vitro. Kidney tissue homogenates were used to stimulate the
chemotaxis of Th22 cells in the absence or presence of anti-CCL20, an-
ti-CCL22, and/or anti-CCL27 mAbs or a normal control. The chemotaxis
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index was calculated by dividing Th22
cell numbers that migrated in response
to kidney homogenates by Th22 cell
numbers that migrated in response to
medium alone. Comparisons were de-
termined by performing Kruskal-Wallis
one-way analysis of variance for rank-
ing. "P<0.05 compared with control.

20.31+0.48%, 17.65+0.63%, and
7.30+1.12%, respectively) in IgAN
mice, exhibiting a significant in-
crease compared with the percent-
ages in the blood and kidney in
the corresponding control group
(0.38+0.04%, 0.41+0.02%, 0.29+
0.04%, 0.36+0.09%; 9.10+0.11%,
8.9+0.13%, 10.60+0.74%, 6.16+
0.81%, respectively; n=3; P<0.05).
Similarly, significant increases in
both Thl7 and Thl cells were
observed in IgAN (1.71+£0.22% and
1.71+0.12%, respectively) com-
pared with blood (0.88+0.02% and
0.46+0.02%, respectively; n=3; bo-
th P<0.01). We observed that Th22
cells were positively correlated with
numbers of Th17 and Thl cells (r,
=0.746, r,=0.627, respectively; bo-
th P<0.05). Infection with HS aggra-
vated and treatment with CCL anti-
bodies decreased the numbers of
Th cells and CCR receptors.

We further noted that HS aggravat-
ed Th22 cell numbers, while CCL-
20, CCL22, and CCL27 antibodies
or a combination of these CCL anti-
bodies reduced the increased per-
centage of Th22 cells following HS
treatment, as expected. Percen-
tages of Th22 cells were signifi-
cantly higher in HS-ISAN (10.36+%
0.15%) compared with the percent-
ages in the corresponding CCL20-
IgAN, CCL22-IgAN, and CCL27-IgAN
groups (4.60+0.22%, 4.30+0.03%,
3.76+0.12%, respectively; P<0.05).
We also found that Th22 cell per-
centages were significantly lower
with the combination of all CCL
antibodies (2.29+0.02%) (Figure
1A, 1B, 1D).

To characterize these Th22 cells in
more detail, we analyzed the ex-

Am J Transl Res 2016;8(9):3872-3882
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Figure 4. CCL20, CCL22, CCL27 expression in the kidney. Representative images of immunohistochemistry staining
(brown) of anti-CCL20, anti-CCL22, and anti-CCL27 in renal tissue from the control group, IgAN mice and the anti-
CCL intervention groups. CCL20, CCL22, and CCL27 are predominantly expressed in the renal tubular epithelial
cells. Compared with control mice, the expression of CCL20, CCL22, and CCL27 was much higher in IAN mice,
whereas the expression was upregulated with HS treatment but was more significantly downregulated in the anti-

CCL-groups and combination intervention group.

pression of the chemokine receptors and found
that most Th22 cells expressed high levels of
CCR4, CCR6 and CCR10, although these recep-
tors were expressed by a larger population of
Th22 cells in the HS-IgAN group and a smaller
population in the CCL-IgAN group; data are
shown in Figure 1C, 1D.

Differentiation of Th22 cells

As some proinflammatory cytokines, such as IL-
1B, IL-6, IL-21 and TNF-a, have been reported to
be elevated in IgAN [9, 10, 18, 22], we evaluat-
ed the contribution of these cytokines to the
differentiation of Th22 cells. IL-2-containing
medium provided a baseline for comparison.
IL-16, IL-6, IL-21 and TNF-a could each promote
the differentiation of Th22 cells, with the stron-
gest effects observed for IL-6 (Figure 2). Data
are shown as representative flow cytometry col-
umn diagrams from one of five independent
experiments, revealing enhanced Th22 cell dif-
ferentiation stimulated by IL-1, IL-6, IL-21 and
TNF-a.

Recruitment of Th22 cells into the kidney was
induced by chemokines

In addition to local differentiation, recruitment
from peripheral blood may also contribute to
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the increased number of Th22 cells observed
in IgAN. It is well known that lymphocyte migra-
tion is tightly regulated by chemokine/CCR
interactions; we therefore sought to elucidate
the effects of chemokine/CCR interactions on
Th22 cell recruitment. In previous studies, we
have demonstrated that the expression of
CCL20, CCL22, and CCL27 In IgAN is much
higher than normal in IgAN. Taken together with
our observations that Th22 cells express high
levels of CCR6, CCR4, and CCR10 (Figure 1C),
which are ligands for CCL20, CCL22, and
CCL27, respectively, we hypothesized that
Th22 cells could migrate into the kidney in
response to these chemokines. Anti-CCL20,
anti-CCL22, or anti-CCL27 mAbs significantly
blocked Th22 cell chemotaxis (Figure 3).
Therefore, Th22 cells could be recruited into
the kidney space via the CCL20-CCR6, CCL22-
CCR4, and/or CCL27-CCR10 axes.

Renal pathomorphological changes

As a first step, we analyzed HE staining of the
lung to ensure that HS infection was success-
ful. The results showed that after streptococcal
infection, lung infiltration of inflammatory cells
increased significantly. Next, we aimed to char-
acterize the relative distribution of CCL20,

Am J Transl Res 2016;8(9):3872-3882
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Figure 5. A. Representative photographs of kidney sections stained with HE and PAS and visualized by immuno-
fluorescence and electron microscopy. A, B. ISAN mice demonstrated pronounced proliferation of the mesangium
compared with the control group. Proliferation was exacerbated in the HS-IAN group but reduced in the CCL-treated
mice; this effect was more obvious in the combined Ab intervention group. C. Electron microscopy indicated that
podocyte fusion lesions were more serious in the HS-IgAN group than in the IgAN group but improved in the anti-CCL
intervention groups. D. Immunofluorescence staining for IgA deposition in the glomerular mesangial area and the
capillary wall in IgAN mice. The fluorescence intensity was stronger in the HS-IgAN group but weaker in the CCL-

treated groups.

CCL22 and CCL27 in the kidneys of each group.
We performed immunohistochemistry on kid-
ney sections for each group and showed abun-
dant renal infiltration of CCL20, CCL22 and
CCL27, predominantly in the interstitial and
periglomerular areas. Additionally, the frequen-
cy of CCL20, CCL22 and CCL27 in HS-IgAN
mice was markedly increased compared with
non-nephritic controls. In comparison with IgAN
mice, the frequency of CCL20, CCL22 and
CCL27 in the CCL Ab intervention group ap-
peared to be notably reduced. Semiquantitative
scoring of CCL20, CCL22 and CCL27 revealed
significantly increased deposition in IgAN and
HS-IgAN. Using image analysis software selec-
tion, as visualized by the yellow areas in the
images indicating immunohistochemical reac-
tants, we measured the average optical densi-
ties of these areas (CCL20, CCL22 and CCL27:
4402+0.5, 3645+0.1, and 1559+40.2, respec-
tively. The control group was 97.2+0.3, 382
+0.1, and 105.7+0.3, respectively. P<0.05)
(Figure 4).
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To evaluate whether the expression of CCL anti-
bodies has functional relevance for their
recruitment to the inflamed kidney, HE staining,
periodic acid-Schiff (PAS) staining, immunofluo-
rescence and electron microscopy were per-
formed for each group. HE-stained kidney sec-
tions revealed basic histological changes. IgAN
mice demonstrated pronounced proliferation
of the mesangium compared with control mice;
proliferation was exacerbated in HS-IgAN mice
but reduced in CCL-treated mice and was most
obvious in the combined CCL Ab intervention
group. Similar results were obtained when PAS-
stained sections of kidneys from these mice
were examined.

Immunofluorescence staining was performed
to visualize IgA deposition in the glomerular
mesangial area and the capillary wall in the
IgAN group. The fluorescence intensity was
stronger in the HS-IgAN group but weaker in the
CClL-treated groups (Figure 5), which is consis-
tent with the electron microscopy results.

Am J Transl Res 2016;8(9):3872-3882
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Moreover, there was mild mesangial prolifera-
tion and significant segments or focal fusion of
podocytes in the IgAN group, as well as mesan-
gial matrix proliferation and endothelial cell
hypertrophy. Podocyte fusion lesions were
more serious in the HS-IGAN group, whereas
the CCL antibody intervention groups demon-
strated no mesangial proliferation, IgA deposi-
tion and electron dense deposition, similar to
the control group. All of these results suggest
that HS aggravates and CCL antibodies may
improve renal damage in IgAN mice.

To more accurately quantify pathological ch-
anges in the kidney, numbers of abnormal
glomeruli (AG) were evaluated by PAS staining
to complement the morphological results. The
frequency of AG was significantly increased in
IgAN mice (23.06%+0.10) and in HS-IgAN mice
(31.20%+0.21). However, the CCL-IGAN mice
demonstrated significantly decreased ratios
compared with IgAN mice and the control group
(3.06%+0.02, both P<0.05) (data not shown).

Discussion

Several lines of evidence indicate that T cell-
mediated tissue damage plays an important
role in the immunopathogenesis of renal inflam-
matory diseases. Chemokines play a critical
role in glomerulonephritis, preventing the renal
infiltration of harmful T cells; thus, maintaining
the intact migration of protective T cells
appears to be a potential approach for the
treatment of human glomerulonephritis. Such
selective control of T cell migration under
inflammatory conditions could potentially be
achieved by targeting T helper cell lineage-spe-
cific chemokine receptors. IL-22 regulates tis-
sue homeostasis and inflammation. Although
Th22, Th17 and Thl cells have been found to
be increased in IgAN, the underlying mecha-
nisms have been poorly investigator and there
has been no further pathologic analysis. Here,
we have explored of role of Th22 cells and their
surface receptors CCR4, CCR6, and CCR10 in
ISAN mice. Our data have indicated that the
numbers of Th22, Th17, and Thl cells present
in IGAN mice were much higher than in their
control counterparts. HS infection may worsen
the situation, while targeted CCL Abs reduce
the relative cellular proportions and improve
renal disease. Additionally, Th22 cells express
high levels of CCR4, CCR6, and CCR10 on their
surface.
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Furthermore, we validated in vitro experiments
over the same period of time and discussed the
possible mechanism underlying the observed
cellular dynamics. We found that IL-13, IL-6,
IL-21 and TNF-a could significantly promote the
differentiation of Th22 cells from naive CD4* T
cells, and the combination of these chemo-
kines promoted Th22 cell differentiation to an
even higher extent. The concentrations of cyto-
kines used in our in vitro experiments were
determined in preliminary experiments. An in
vitro migration assay confirmed that kidneys
could induce the migration of Th22 cells and
that anti-CCL20, anti-CCL22 or anti-CCL27
mAbs individually or in combination significant-
ly inhibited the ability of the kidney to stimulate
Th22 cell chemotaxis. Therefore, we may spec-
ulate that the CCL20-CCR6, CCL22-CCR4, and/
or CCL27-CCR10 axes facilitate chemoattrac-
tion for Th22 cell recruitment into kidneys
affected by IgAN. The increased ratios of Th22
cells in IgAN kidneys might also be attributable
to Th22 cell recruitment from the blood.
Immunohistochemistry experiments to investi-
gate CCL20, CCL22, and CCL27 expression in
the kidney further support this conclusion.

Although not extensively studied to date, it is
clear that CD4*-driven immune responses play
a leading role in nephritis [22]. Chemokines are
a group of small molecules that regulate the
cell trafficking of various types of leukocytes. It
has now become evident that chemokines play
fundamental roles in the development, homeo-
stasis, and function of the immune system.
Chemokine nomenclature is based on the cur-
rent chemokine receptor nomenclature, which
uses CC, CXC, XC, or CX3C followed by R (for
receptor) and then a number, The chemokine
receptors also exhibit strong specificity for den-
dritic cell subsets. Immature dendritic cells
have been shown to express CCR6 and respond
to CCL20, similar to CCR4 responding to CCL22
and CCR10 responding to CCL27. The expres-
sion of these receptors may change depending
on the activation status of the T cell [23, 24]. It
is conceivable that IL-22 may play a role during
tumor genesis because IL-22 stimulates signal-
ing pathways that are involved in the regulation
of cell growth, cell proliferation, and cell cycle
control [25, 26]. Recently, some studies report-
ed the expression of high concentrations of
IL-22 in primary tumor tissue and the sera of
patients with non-small cell lung cancer and
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suggested that the overexpression of [L-22 was
potentially correlated with the occurrence and
progression of lung cancer [27]. Furthermore,
circulating Th17, Th22 and Thl cells are
increased in psoriasis [28], CCR1 inhibition
ameliorates the progression of lupus nephritis
in NZB/W mice [29], and CCR6 may regulate
renal outcome in human mesangioproliferative
glomerulonephritis [30]. These innate immune
responses activate circulating monocytes and
resident glomerular cells to release inflamma-
tory mediators and initiate adaptive, antigen-
specific immune responses that collectively
damage glomerular structures. It is well known
that IL-22 binds to a heterodimeric receptor
complex composed of IL-22 receptor 1 and
IL-10 receptor 2 at the cell surface, resulting in
the activation of the Janus kinase-STAT path-
way and leading to the phosphorylation of
STAT3 and STAT1/STAT5 [31]. IL-22 has also
been shown to activate ERK, c-Jun N-terminal
kinase, and p38 mitogen-activated protein
kinase [32]. IL-22 can reduce tumor growth by
inhibiting signaling pathways such as STAT3
phosphorylation, resulting in decreased levels
of ERK 1/2 and AKT phosphorylation [33]. To
our knowledge, the current study is the first to
investigate the possible mechanisms underly-
ing the differentiation and recruitment of Th22
cells into IgAN and the potential roles of Th22
cells in the development of IgAN. Our study
emphasizes the potential consequences of
pharmacologic interventions that harness the
chemokine system to treat renal autoimmune
disease; overall, chemokine blockade may con-
trol the inflammatory response.

There is a unified theory to describe how
microbes cause mucosal inflammation in asth-
ma. The respiratory mucosa is a key microbial
interface where epithelial and dendritic cells
interact with a range of functionally distinct
lymphocytes. Lymphoid cells then control a
range of pathways, both innate and specific,
that organize the host mucosal immune
response. This theory provides a rationale for
new, specific treatments that can be assessed
in clinical trials. Based on these new ideas,
specific host biomarkers might allow personal-
ized treatment to become a reality for IgAN
patients as well.

It should be mentioned that our study possess-
es certain defects, such as the small volume of
blood obtained from mice, resulting in lower
numbers of extracted lymphocytes and sorted
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CD4* T lymphocytes; as a result, no differences
were observed with the application of combina-
tions of interventional antibodies or cytokines.
Due to the high costs associated with antibod-
ies, the experiment was only repeated 3 times.
Currently, related studies employing the kidney
cells of human IgAN patients are underway.

In conclusion, our data showed that, similar to
Th17 and Thl cells, Th22 cell numbers in the
kidney were significantly increased compared
with blood, and the overrepresentation of Th22
cells in the kidney may be attributable to local
increases in proinflammatory cytokines and
chemokines. It will be necessary to evaluate
potential therapeutic approaches by carrying
out detailed studies in experimental models of
glomerulonephritis, which would provide a
basis to develop novel immune-boosting strate-
gies as IgAN therapies.
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