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Abstract IgA nephropathy (IgAN), the most common
glomerulonephritis, has an unclear pathogenesis. The role
of Th22 cells, which are intimately related to proteinuria
and progression in IgAN, in mediating infection-related
IgAN is unclear. This study aimed to characterize the
association between intrinsic renal cells (tubular epithelial
cells and mesangial cells) and Th22 cells in immune reg-
ulation of infection-related IgAN and to elucidate the
impact of Th22 lymphocytosis; the proinflammatory
cytokines IL-1, IL-6, and TNF-a; and CCL chemokines on
kidney fibrosis. Hemolytic streptococcus infection induced
an increase in IL-1, IL-6, and TNF-o, resulting in Th22 cell
differentiation from T lymphocytes obtained from patients
with IgAN, and the CCL20-CCR6, CCL22-CCR4, and/or
CCL27-CCRI10 axes facilitated Th22 cell chemotaxis. The
increased amount of Th22 cells caused an increase in TGF-
Bl levels, and anti-CD80, anti-CD86, and CTLA-4Ig
treatment reduced TGF-B1 levels by inhibiting Th22 lym-
phocytosis and secretion of cytokines and chemokines, thus
potentially relieving kidney fibrosis. Our data suggest that
Th22 cells might be recruited into the kidneys via the
CCL20-CCR6, CCL22-CCR4, and/or CCL27-CCRI10
axes by mesangial cells and tubular epithelial cells in
infection-related IgAN. Th22 cell overrepresentation was
attributed to stimulation of the B7-CTLA-4Ig antigen-
presenting pathway and IL-1, IL-6, and TNF-a.
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Introduction

Immunoglobulin A nephropathy (IgAN) is the most com-
mon primary glomerulonephritis, but its exact mechanism
is complex and remains unclear. Infection, inflammation,
and lymphocyte disorders are involved in IgAN [1-4]. T
helper type 22 (Th22) cells, a newly identified T helper
(Th) lymphocyte subset that is characterized by secretion
of interleukin-22 (IL-22), is important in inflammation,
infection, and autoimmune disease [5]. Studies have sug-
gested that Th22 lymphocytosis plays a role in IgAN and
correlates with proteinuria and disease prognosis [6, 7], but
its mechanism of action is still unclear. It is well known
that lymphocytes can be activated by antigen-presenting
cells through the TCR-MHCII and CD28/CTLA4-B7
pathways, and that intrinsic renal cells express B7 proteins
(CD80 and CD86). Therefore, this study was designed to
characterize the relationship between intrinsic renal cells
and Th22 lymphocytosis in immune regulation of infec-
tion-related IgAN.

Chronic inflammation is a common hallmark of chronic
fibrotic disease, and fibrosis is a common pathological
change in IgAN. Chronic inflammation is characterized by
recruitment of inflammatory cells, and almost all immune
cell types including Th cells are involved in this process.
These immune cells, together with the injured intrinsic
renal cells, release various cytokines, especially TGF-f1,
which is the central driver of kidney fibrosis [8, 9].
Therefore, we also explored the possible influence of Th22
lymphocytosis on kidney fibrosis in this study.
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Materials and methods
Ethics statement

This study protocol was approved by the Medical Ethics
Committee of the Xiangya Hospital of Central South
University for Human Studies (approval number
201403270), and all subjects provided signed informed
consent.

Subjects

Twenty-one adults, aged between 16 and 46 years, with
IgAN that was recently confirmed by biopsy were included
in the study. Patients were excluded if they had acute
infection, glucocorticoid or immunosuppressant treatments,
or other complications. The demographic, clinical, and
biochemical characteristics and pathology of patients with
IgAN are shown in Table 1.

Th22 cell differentiation induced by mesangial cells
and tubular epithelial cells through the B7-CTLA-4
pathway

Experiments were independent biological repeats. CD4* T
lymphocytes of patients with IgAN were not pooled. CD4™*
T lymphocytes drawn from one patient with IgAN at a
single time point were divided into different treatment
groups in one repeat experiment. CD4* T lymphocytes of
patients with IgAN were isolated and purified using a

CD4* T cell isolation kit according to the manufacturer’s
instructions (Miltenyi Biotec, Bergisch Gladbach, Ger-
many). LD columns with manual separators were used for
magnetic separation. Human kidney 2 cells (HK2) or
human mesangial cells (HMCs) (purchased from Central
South University Advanced Research Center, Changsha
China) and purified CD4" T cells were mixed and cocul-
tured at a ratio of 5:1 in RPMI-1640 supplemented with
12% fetal bovine serum (FBS) for 5 days. Anti-CD80
monoclonal antibody (mAb) (10 pg/mL), anti-CD86 mAb
(10 pg/mL), CTLA-4-Ig mAb (5 pg/mL), and inactivated
alpha-hemolytic streptococcus (a-HS) were used. All
antibodies were purchased from eBioscience, Vienna,
Austria. Suspension-cultured cells were harvested at day 5
and analyzed by flow cytometry. The concentrations of IL-
1, TNF-a, IL-6, CCL20, CCL22, and CCL27 were quan-
tified by enzyme-linked immunosorbent assay (ELISA)
(R&D System Inc., Minneapolis, USA). The number of
CD3"CD4*IFN-y IL-17"1L-22" cells was determined by
flow cytometry. o-HS was isolated from human tonsils,
purified, and diluted to 1 x 10® CFU/mL in sterile phos-
phate-buffered saline. All bacteria were formalin-inacti-
vated. The vaccine did not contain any viable
microorganisms, as confirmed by sterility test.

Th22 cell differentiation
Purified IgAN CD4™" T cells were cultured in RPMI-1640

medium containing IL-2 (2 ng/mL) in 24-well plates and
stimulated with CD3 and CD28 antibodies (1 pg/mL each)

Table 1 Demographic, clinical,
and biochemical characteristics

and pathology of patients with
IgAN (n = 21)

Mean £ SD Median (maximum, minimum)
Age (years) 30.25 £+ 13.41 26 (46, 16)
Male sex (n, n%) 13, 61.90%
Systolic pressure (mmHg) 118.95 £ 13.72 116 (148, 90)
Diastolic pressure (mmHg) 78.10 + 8.86 78 (100, 68)
Blood urea nitrogen (mmol/L) 5.87 + 2.88 5.43 (14.57, 2.64)

Creatinine (pmol/L)

Uric acid (umol/L)

Total protein (g/L)
Albumin (g/L)
Anti-streptolysin (IU/mL)

Erythrocyte sedimentation rate (mm/h)
Peripheral blood lymphocytes (10°/L)

Proteinuria (g/24 h)
Pathological lesions (n, n%)
Mesangial proliferation

111.38 £+ 72.27
337.15 £ 97.88

9.00 (408.00, 64.00)
334.40 (529.70, 154.60)
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Focal proliferative glomerulonephritis
Focal sclerosis

Mesangial proliferation and sclerosis
Chronic sclerosing glomerulonephritis

62.47 £ 6.73 47.60 (72.00, 47.60)
38.45 £ 5.11 36.10 (45.00, 23.00)
65.12 £ 83.32 40 (25, 320)

17.24 £ 11.60 14.00 (45.00, 7.50)
1.99 £ 0.65 2.10 (3.70, 0.70)
2.02 £292 1.05 (0.01, 12.24)
6, 28.57%

11, 52.38%

1, 4.76%

1, 4.76%

2,9.53%
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for 7 days. The exogenous cytokines used to modulate cell
differentiation were IL-1f (20 ng/mL), IL-6 (100 mg/mL),
and TNF-a (50 ng/mL). All reagents used for cell differ-
entiation assays were purchased from PeproTech, USA.

Th22 cell chemotaxis assays

Purified IgAN CD4" T lymphocytes were added to the
upper chambers of a 24-well transwell plate (Corning
Costar,NY, USA) in RPMI-1640 medium with 0.5% FBS
in a final volume of 100 pL, and the lower chambers were
filled with 600 pL of the supernatant of cultured HK?2 cells
or HMCs, which were treated with inactivated o-HS, anti-
CDS80 (10 pg/mL), anti-CD86 (10 pg/mL), or CTLA-4Ig
(5 pg/mL). The transwell chambers were incubated at
37 °C in 5% CO,. The cells in the lower chamber were
assigned a chemotaxis index (chemotaxis index = number
of migrated Th22 cells in each experiment
group + number of migrated Th22 cells in response to
medium alone) and analyzed by flow cytometry.

Flow cytometry

CD3 (PerCP-Cyanine5.5; eBioscience), CD4 (FITGC;
eBioscience), CCR4 (APC; eBioscience), CCR6 (PE-
Cyanine7; eBioscience), and CCR10 (PE; BiolLegend,
California, USA) on T cells isolated from the blood of
patients with IgAN, and IFN-y (APC; eBioscience), IL-22
(PE; eBioscience), IL-17A (PE-Cyanine7; eBioscience),
and Ki67 (Alexa 700 MAB; BD Biosciences, California,
USA) were stained using the fixation/permeabilization
concentrate kit (BD Biosciences) according to the manu-
facturer’s instructions and analyzed by flow cytometry.

ELISA

IL-1, TNF-a, IL-6, CCL20, CCL22, and CCL27 levels
were quantified by using ELISA kits (R&D) according to
the manufacturer’s instructions. Immunoreactivity was
determined by using an ELISA reader at 450 nm.

Western blot analysis

Transforming growth factor beta 1 (TGF-B1) in HK2 cells
and HMCs was analyzed by western blot. Adherent cells in
the coculture system were harvested, lysed for 10 min on
ice with 80 puL of RIPA buffer (Well Biology, Peking,
China), and centrifuged (12,000xg for 15 min). Lysate
samples (50 pg) were boiled in sample buffer for 5 min
and separated on 10% SDS-PAGE, followed by transfer
onto a nitrocellulose membrane (Millipore, Massachusetts,
USA). The membrane was incubated with a monoclonal
rabbit anti-human TGF-B1 antibody (Proteintech, Chicago,

USA) and reacted with an anti-mouse IgG-HRP antibody
(Proteintech). TGF-B1 levels were normalized to B-actin
levels and quantified using ECL chemiluminescence sys-
tem (Thermo Scientific Pierce, Alabama, USA). Films
were scanned and images were analyzed using Quantity
One 4.62 software (Bio-rad, California, USA).

Statistical analysis

Data were expressed as the mean =+ standard deviation
(SD) or median with minimum and maximum values. Data
comparisons were performed using Kruskal-Wallis one-
way analysis or the Mann—Whitney U test. Variables in
HK2 and HMC culture systems were compared using
Student’s ¢ test or the Wilcoxon signed-rank test. Corre-
lations among variables were determined by calculating the
Spearman rank correlation coefficients. P < 0.05 was
defined as statistically significant. Statistical analyses were
performed using SPSS 19.0 software (Chicago, IL, USA).

Results

HK2 cells and HMCs induce Th22 lymphocytosis
via the B7-CTLA-4 antigen presentation pathway

As assessed by flow cytometry, inactivated o-HS infection
induced a remarkable increase in CD3"CD41IFN-y IL-
1771IL-22" T lymphocytes in both HK2 and HMC cocul-
ture systems compared with controls (4.17 & 0.69% vs
096 £ 0.07% and 4.54 + 0.46% vs. 1.71 £+ 0.06%,
P < 0.01) (Fig. 1). By contrast, the proportions of CD3*
CD4"IFN-y IL-177IL-22" cells in coculture systems
were reduced when CD80, CD86, and CTLA-4 antibodies
were used to block the antigen-presenting pathway (The
proportion of Th22 cells in the HK2 coculture system was
2.37 £ 0.33, 243 £0.12, and 1.24 £ 0.09%, respec-
tively; the proportion of Th22 cells in the HMC coculture
system was 3.47 £ 0.28, 3.14 £ 0.20, and 2.79 £ 0.23%,
respectively) (Fig. 1). Cocultures treated with a combina-
tion of CD80 and CD86 antibodies had fewer Th22 cells
(HK2: 1.63 & 0.14%, HMC: 2.71 4 0.23%) than those
treated with CD80 or CD86 antibodies alone (P < 0.01).

Inactivated o-HS infection induces secretion
of proinflammatory cytokines

IL-1 levels exhibited a significant increase in coculture
systems of purified CD4" T lymphocytes from IgAN
patients and HK2 cells or HMCs under inactivated o-HS
infection compared with controls (HK2: 171.72 £ 1.60 vs.
93.50 £ 5.45 pg/mL, HMC: 173.44 £ 1.21 Vs.
96.36 & 5.45 pg/mL; P < 0.01). Increases were also
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Fig. 1 Th22 cell differentiation is stimulated by HK2 cells and
HMCs via the antigen-presenting pathway in vitro. CD4" T
lymphocytes of patients with IgAN were cocultured with HK2 cells
or HMC:s for 5 days. Inactivated o-HS was applied to the medium to
simulate a set of infection-related IgAN conditions. CD80, CD86, and

observed in the levels of IL-6 (HK2: 66.73 £ 1.79 vs.

35.97 £ 0.42 pg/mL, HMC: 65.87 £ 9.61 VS.
33.92 £ 0.17 pg/mL; P <0.01) and TNF-o (HK2:
301.58 £ 1.01 VS. 102.59 + 1.26 pg/mL, HMC:

336.95 £ 10.7 vs. 112.74 £ 0.92 pg/mL; P < 0.01). IL-1,
IL-6, and TNF-a levels were decreased to varying degrees
when CD80, CD86, and CTLA-4 antibodies were applied
alone to partially block the antigen-presenting pathway.
The difference between the antibody treatment groups and
HS groups was significant at P < 0.01 except for TNF-a in
the HK2-CD4™" lymphocyte coculture system treated with
anti-CD80  or  anti-CD86: 287.41 £ 1.01 and
284.77 £ 3.24, respectively, vs. 301.58 £ 1.01 pg/mL;
P = 0.03 and 0.01 (Fig. 2). Treatment with CTLA-4Ig or a
combination of CD80 and CD86 antibodies induced the
most significant reduction in IL-1, IL-6, and TNF-a levels.

@ Springer

CTLA-4 antibodies were used alone or in different combinations to
block the antigen-presenting pathway. a Th22 cell proportions in
cocultures treated with inactivated o-HS, CD80, CD86, and CTLA-4
antibodies alone or in different combinations. b The histogram
presents the Th22 cell proportions (n = 4). *P < 0.01

IL-1, IL-6, and TNF-a promote Th22 cell
differentiation in vitro

Because levels of the proinflammatory cytokines IL-1, IL-
6, and TNF-o were increased and correlated with the
number of Th22 cells in coculture systems stimulated with
HS, we evaluated their effects on Th22 cell differentiation
in vitro. As shown in Fig. 3, IL-1, TNF-o, and IL-6 sig-
nificantly promoted Th22 cell differentiation compared
with controls. IL-6 had the most significant effect on Th22
cell differentiation. The effect of TNF-o was stronger than
that of IL-1 but slightly weaker than that of IL-6
(3.99 £ 0.79, 2.52 £ 0.23, and 4.49 + 0.45%, respec-
tively; P < 0.01).
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Fig. 2 o-HS infection stimulates the secretion of IL-1, IL-6, and
TNF-o.. CD4" T lymphocytes of patients with IgAN were cocultured
with HK2 cells or HMCs for 5 days. Inactivated o-HS was applied
into the medium to simulate a set of infection-related IgAN
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Fig. 3 Differentiation of Th22 cells from CD4" T lymphocytes
in vitro. Proportion of Th22 cells that were differentiated from
purified CD4" T lymphocytes of IgAN patients by stimulation with
different combinations of cytokines for 7 days. The medium
contained anti-CD3, anti-CD28, and IL-2 to ensure T cell activation
(n =4). *P < 0.01

Th22 cells are recruited by HK2 cells and HMCs
through CCL-CCR pathways

In inactivated o-HS-infected HK2 or HMC coculture sys-
tems, expression of CCR4, CCR6, and CCR10 on Th22
cells was substantially increased (Fig. 4a). CCL20, CCL22,
and CCL27 levels also significantly increased accordingly
(Fig. 4b). As CCL20, CCL22, and CCL27 are specific
ligands of CCR6, CCR4, and CCRI10 receptors that are
expressed on Th22 cells, it is possible that Th22 cells might
be recruited into the kidneys through the CCL-CCR path-
way. Chemotaxis assays were conducted to confirm Th22
cell migration in vitro. As expected, both HK2 cells and
HMCs treated with HS increased Th22 cell chemotactic
indexes compared with controls (10.31 & 0.52 vs.
429 +£0.60% and 6.21 &£ 1.00 vs. 3.21 £ 1.09%,
respectively; P < 0.01). By contrast, treatment with anti-

conditions. CD80, CD86, and CTLA-4 antibodies were used alone
or in different combinations to block the antigen-presenting pathway.
Histograms show IL-1 (a), IL-6 (b), and TNF-a (c) levels in coculture
systems (n = 4). *P < 0.01

CD80, anti-CD86, and CTLA-4Ig alone or in combination
decreased Th22 cell chemotactic indexes (Fig. 4c).

Increase in TGF-f1 correlates with Th22 cells
from IgAN patients

As illustrated in Fig. 5, inactivated o-HS infection induced
a significant increase in TGF-B1 levels compared with
controls (HK2: 0.88 4+ 0.01 vs. 0.26 & 0.03, HMC:
0.53 £0.03 vs. 0.11 &£ 0.02; P <0.01). Western blot
analysis showed that after treatment with CD80, CD86, and
CTLA-4 antibodies, TGF-B1 levels were suppressed in
HK2 cells (0.35 & 0.07, 0.29 £ 0.06, and 0.31 =+ 0.06)
and HMCs (0.14 + 0.02, 0.17 £ 0.03, and 0.20 £ 0.02;
P < 0.01 respectively). Additionally, TGF-B1 levels were
significantly correlated with Th22 cell proportions in both
coculture systems (HK2: r = 0.950, HMC: r = 0.892;
P < 0.01).

Discussion

IgAN is characterized by mucosal infection, inflammatory
cell infiltration, and IgAl-circulating immune complex
formation and deposition in the glomerular mesangium.
Exacerbation of IgAN is closely related to inflammation
and autoimmune disorder [3, 7, 10]. The mechanism of
innate immunity in IgAN was revealed recently, but the
role of inflammation and adapted immunity remain
unclear. Previous studies have reported Th cell disorders in
IgAN; for example, Peng et al. demonstrated that Th cell
disorder is correlated with proteinuria in IgAN [11].
However, the relevant mechanism remains unclear. HS
infection is an acknowledged cause of IgAN, and IgAN
Th22 cell-lymphocytosis induced by HS infection was
found in this study. Meng et al. also described Th22 cell
overrepresentation in a mouse model of IgAN, where the
Th22 overrepresentation was correlated with Th17 cell
disorder [1], but the reason underlying the increase in Th22
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Fig. 4 Th22 cells are recruited by HK2 cells and HMCs via the
CCL-CCR pathway. CD4" T lymphocytes of patients with IgAN
were cocultured with HK?2 cells or HMCs for 5 days. Inactivated o-
HS was applied to the medium to simulate a set of infection-related
IgAN conditions. CD80, CD86, and CTLA-4 antibodies were used

cells was not explained. It is well known that T cells are
activated and proliferate in infection through the TCR-
MHCII and CD28/CTLA-4-B7 pathways, which are also
known as antigen-presenting pathways [12], and that
intrinsic renal cells express MHCII and B7 proteins
[13-16]. It is possible that the Th22 lymphocytosis in
infection-related IgAN is induced by intrinsic renal cells
through the antigen-presenting pathway. Abnormal
expression of the CTLA4 gene has been reported to

@ Springer

alone or in different combinations to block the antigen-presenting
pathway. a Expression of CCR4, CCR6, and CCR10 on Th22 cells in
coculture systems. b CCL20, CCL22, and CCL27 levels in coculture
systems. ¢ Th22 cell chemotactic index (n = 4). *P < 0.01

increase the risk of several autoimmune diseases, including
rheumatoid arthritis, transplantation, infectious diseases,
and asthma [17-19]. Gorgi et al. have demonstrated that
CTLA-4 gene polymorphisms exist in IgAN patients and
are involved in the development of disease [20]. Wang
et al. revealed that the CTLA-4 rs231726 gene was asso-
ciated with a significant risk of developing IgAN [21]. Kim
et al. demonstrated that the CTLA-4 rs231779 gene was
significantly associated with the presence of proteinuria,
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Fig. 5 Blockade of the antigen-presenting pathway reduces TGF-1
levels in HK2 cells and HMCs. CD4" T lymphocytes of patients with
IgAN were cocultured with HK2 cells or HMCs for 5 days.
Inactivated o-HS was applied to the medium to simulate a set of
infection-related IgAN conditions. CD80, CD86, and CTLA-4

podocyte foot process effacement, and advanced mesangial
proliferation, suggesting that CTLA-4 may play key roles
in the pathogenesis of IgAN [22]. These findings suggest
that the CTLA-4-B7 axis is involved in the development of
IgAN, but the underlying mechanism is unclear. Our results
show that inactivated o-HS infection significantly
increased Th22 cell differentiation and that blockade of the
antigen-presenting pathway with CD80, CD86, and CTLA-
4 antibodies dramatically suppressed the overrepresenta-
tion of Th22 cells. Although previous studies have reported
that extraglomerular mesangium and podocytes could serve
as non-hematopoietic professional antigen-presenting cells
in immune-mediated renal injury [14, 16], no data exist on
the role of intrinsic renal cells in IgAN based on antigen
presentation. To the best of our knowledge, this study is the
first to demonstrate that tubular epithelial cells and
mesangial cells can act as non-hematopoietic professional
antigen-presenting cells to induce Th22 cell proliferation
and infiltration in IgAN.

Proinflammatory cytokines such as IL-1, IL-6, IL-21,
and TNF-a have been reported to be elevated in IgAN and
to be closely related to disease activity [23]. Here, in
cocultures of IgAN lymphocytes with intrinsic renal cells,
IL-1, IL-6, and TNF-a levels increased under inactivated
a-HS infection. Moreover, the changes in Th22 cell pro-
portions in this coculture system corresponded to changes
in IL-1, IL-6, and TNF-a levels. Additionally, we found
that IL-1, TNF-o, and particularly IL-6 promoted Th22 cell
differentiation. Thus, Th22 cell differentiation in infection-
related IgAN results from proinflammatory cytokine stim-
ulation and/or antigen presentation from intrinsic renal
cells.

It is well known that local cell overabundance may be
caused by cell differentiation and/or cell infiltration. It is
possible that the Th22 lymphocytosis found in IgAN may
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antibodies were used to block the B7-CTLA-4 antigen-presenting
pathway. a, b TGF-B1 protein levels in HK2 cells and HMCs
analyzed by western blot. ¢ Correlation between TGF-B1 levels and
Th22 cell proportions (n = 4). *P < 0.01

be partly due to cell infiltration. We found that levels of
CCL20, CCL22, and CCL27, which are also known as
Th22 cell-attractive chemokines, increased when HK?2 cells
and HMCs were infected by HS. Chemotaxis assays further
confirmed that the migration of Th22 cells induced by HK2
cells and HMCs was markedly increased under inactivated
o-HS stimulation, and treatment with CD80, CD86, and
CTLA-4 antibodies reduced the secretion of CCL20,
CCL22, and CCL27, thus significantly inhibiting the
recruitment of Th22 cells. As a result, we suggest that
tubular epithelial cells and mesangial cells recruit Th22
cells into the kidney through the CCR4-CCL22, CCR6—
CCL20, and/or CCR10—-CCL27 axes, and that the increased
numbers of Th22 cells in IgAN may be attributed to either
Th22 cell differentiation or Th22 cell infiltration. Meng
et al. observed an increase in CCL20 levels and Th17 cells
in IgAN rats [1]. Ebefors et al. found that mesangial cells
could secrete CCLS5 in IgAN in response to stimulation by
galactose-deficient IgA [24]. Therefore, CC chemokines,
including but not limited to CCL20, CCL22, CCL27, and
CCL5, may play an important role in IgAN.

Chronic fibrosis induced by chronic inflammation is a
common pathological change in IgAN and is closely cor-
related with prognosis [25]. Chronic inflammation is
characterized by recruitment of inflammatory cells, neu-
trophils, and macrophages. Moreover, almost all immune
cell types including Th cell, regulatory T cells, and B
lymphocytes are involved in this process. These immune
cells, together with the injured intrinsic renal cells, release
various cytokines, especially TGF-B1, which is the central
driver of kidney fibrosis [8, 9]. In our study, as assessed by
western blot, TGF-B1 levels in tubular epithelial cells and
mesangial cells increased under inactivated o-HS stimula-
tion. Moreover, the TGF-B1 levels were positively corre-
lated with Th22 cell amounts. Anti-CD80, anti-CD86, and
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CTLA-4Ig individually or in combination significantly
inhibited Th22 cell overrepresentation and TGF-B1 pro-
duction. Although this has not been extensively studied so
far, Th22 cells clearly contribute to fibrosis. Weathington
et al. showed that IL-22 could bind to IL-22RA1, which is
present in the kidneys, activate the JAKI-STATI1 and
STAT3 signaling pathways, and act through the Akt, ERK,
JNK, and p38 signaling pathways to regulate organ fibrosis
[26]. Brembilla et al. showed that Th22 cells promote skin
fibrosis by enabling fibroblasts to respond to TNF, thus
promoting a proinflammatory fibroblast phenotype by
favoring TNF-induced keratinocyte activation [27]. IL-1,
IL-6, TNF-a, and CCL20 have also been shown to be
profibrotic [28]. These findings collectively suggest that
Th22 cells contribute to kidney fibrosis in infection-related
IgAN.

Conclusions

This is the first study to suggest that Th22 cells are not only
involved in but also accelerate renal fibrosis in HS infec-
tion-related IgAN. Moreover, this Th22 cell-mediated
disorder was found to be caused by intrinsic renal cells that
serve as non-hematopoietic professional antigen-presenting
cells, secreting chemokines and proinflammatory cytokines
and inducing Th22 cell infiltration and differentiation via
the CCL-CCR and B7-CTLA-4 axes. However, this study
did not address the other two types of intrinsic renal cells
(vascular epithelial cells and podocytes), and the underly-
ing molecular mechanism was not determined.
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