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Streptococcus may aggravate inflammatory damage in
chronic nephritis via the chemotaxis of Th22 cells
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Abstract: Background: Infection can induce and aggravate chronic kidney disease (CKD), and the chemotaxis of
Th22 cells may aggravate CKD. However, the mechanism underlying group A Streptococcus (GAS) infections in CKD
through the chemotaxis of Th22 cells remains unknown. Methods: The experiment was divided into a normal control
group, an IgAN model group, a GAS-treated normal group, a GAS-treated IgAN group and an anti-CCL intervention
group. An IgA nephropathy model was established, and after the success of the IgA nephropathy model was con-
firmed, Streptococcus haemolyticus A was inoculated intranasally and compared with treatment with anti-CCL to de-
tect changes in Th22 cells, related chemotaxis factors and kidney pathology before and after intervention. Results:
An immunoglobulin A nephropathy model was successfully established. Streptococcus was successfully inoculated
into the nasal cavity of the normal group and the IgA nephropathy infection control group. After intervention, pulmo-
nary inflammatory cell infiltration was more obvious in the IgA nephropathy group than in the normal control group
after Streptococcus infection. Th22 cells were detected more frequently in IgA nephropathy; after streptococcal
infection, the percentage of Th22 cells in the IgAN group was higher than that in the normal group but decreased
significantly when chemotaxis was blocked, the expression of CCL27, CCR10 and IL-22 declined simultaneously,
and improvements in pathological changes were observed. Conclusion: Streptococcus may cause the chemotaxis

of Th22 cells to kidney tissue, leading to or aggravating nephritis injury.
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Introduction

Chronic kidney disease (CKD) is a global public
health problem that affects more than 10% of
the world’s population [1]. In China, IgA neph-
ropathy is the leading type of glomerulosclero-
sis among primary glomerular diseases that
result in end-stage renal disease (ESRD) [2],
and more than one-third of patients with a
biopsy-proven diagnosis of IgA nephropathy will
progress to ESRD within 20 years [3]. At pres-
ent, scholars believe that genetic, environmen-
tal and immune factors together determine the
occurrence and development of IgA nephropa-
thy [4]. The clinical presentation is highly vari-
able. Some patients develop hematuria within
days of upper respiratory tract infection, and a
“multi-hit” hypothesis has been proposed. The
inflammatory response induced by immune
stimulation is an important step in the develop-
ment of chronic nephritis.

In clinical practice, infection may cause or ag-
gravate acute and chronic kidney disease, and

respiratory tract streptococcal infection has
become the most common infection [5].
Mucosal infection is closely related to the
occurrence and development of IgA nephropa-
thy. Reducing and controlling the infection in a
timely manner is important for patients. How-
ever, the specific mechanism is not yet fully
clear [6].

Mucosal infection can cause mucosal immune
abnormalities. Hemolytic Streptococcus is one
of the main pathogens of clinical upper respira-
tory tract infections. Upper respiratory tract
infections can induce and aggravate IgA ne-
phropathy. This phenomenon has been con-
firmed by research [7]. Previous researchers
have injected pathogenic microorganisms, such
as Haemophilus Parainfluenzae and Sendai
virus, into the respiratory tract to establish IgA
nephropathy models, and the successful induc-
tion of an IgA nephropathy model by bovine
serum albumin, which we used in the modeling
process, provided strong experimental eviden-
ce from another perspective. Humoral immune
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responses may be present throughout a por-
tion of or all subsequent pathophysiological
processes.

Th22 cells are an emerging Th cell subset that
links the immune response to tissue inflamma-
tion. 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 mucosa-associated infec-
tions and inflammatory disorders of the intes-
tine, skin, and joints [8]. Chemokines, a group
of small proteins, serve as key regulators of
directional T cell trafficking under inflammatory
conditions, achieved by the differential expres-
sion of corresponding chemokine receptors on
the surface of leukocyte subsets. Th22-pola-
rized 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 che-
mokines play critical roles in both B and T cell
development. At present, accumulating data
have shown that T lymphocyte-mediated tissue
damage plays an important role in renal inflam-
matory diseases and that chemokines can
inhibit the infiltration of injured T cells in glo-
merular diseases. Therefore, by promoting sele-
ctive chemotaxis of renal-protective lympho-
cytes or regulating the proportion of T lympho-
cyte subsets to treat glomerulonephritis, regu-
lating the function of T lymphocytes may be a
new treatment direction for glomerulonephritis
in the future, but the study of Th22 cells in
nephropathy is still rare.

Our previous studies have found that the pro-
portion of Th22 cells in IgA nephropathy is sig-
nificantly higher than that in the normal control
group. The overexpression of Th22 cells in IgA
nephropathy may be attributed to the differen-
tiation and chemotaxis of Th22 cells, which are
stimulated by proinflammatory cytokines and
the recruitment of Th22 cells to peripheral tis-
sues [9]. In this study, we intend to clarify the
possible mechanism of Th22 cells in strepto-
coccal infection and inflammatory injury during
IgA nephropathy.

Materials and methods
Reagents and antibodies

Flow cytometry antibodies and reagents relat-
ed to flow analysis were purchased from BD,
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kidney pathology-related reagents were ob-
tained from Sigma, animal model-related re-
agents were purchased from Cell Signaling
Technology, and other reagents were purcha-
sed from Sigma unless specifically indicated.

HS intervention and treatment

Female BALB/c mice (1942 g, N=20, 5/treat-
ment group) were obtained from the Experi-
mental Animal Center of Central South Univer-
sity (Changsha, Hunan, China) at 6 weeks of
age. The IgAN model was induced by adminis-
tering BSA (Roche, USA) in acidified water, CCI4,
and castor oil combined with LPS (Sigma, USA)
(50 pg) at different time points for two months
after adaptive feeding for one week [10].

The mice were randomly separated into a nor-
mal control group, an IgAN model group, a GAS-
treated normal group, a GAS-treated IgAN
group and an anti-CCL intervention group. The
GAS-treated group was subjected to intranasal
infection with live GAS during the 10th week.
GAS was isolated from human tonsils and inoc-
ulated intranasally at a dose of 2*108 CFUs in
10 ml of PBS/mouse (5 ml/nostril). The anti-
CCL intervention group was sensitized by the
combined intraperitoneal injection of anti-CCL
antibodies (Abcam, USA) (100 ug/mouse). The
controls received equal amounts of distilled
water. All mice were terminated at the 11th
week after the administration of GAS and/or
CCL antibody [11].

Sample collection and processing

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

Flow cytometry

The expression of T cell markers in the blood
was determined via flow cytometry after the
cells were stained for surface or intracellular
markers with specific anti-mouse antibodies
conjugated to APC/Cy7, FITC or PE. These
mouse Abs included anti-CD3, anti-CD4, and
anti-IL-22 antibodies. Intracellular staining for
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Figure 1. Main kidney pathological features of IgA nephropathy in the chronic nephritis mice model. Mesangial cells
proliferated significantly (A, B, x400), IgA was deposited in the mesangial area (C, immunofluorescence, x400), and
podocytes fused extensively under D-electron microscopy (D, x2000).

IL-22 was performed on T cells that had been
stimulated with Leukocyte Activation Cocktail
(2 pl/ml, BD Biosciences) for 5 h at 37°C in
5% CO,. Then, the T cells were stained with a
PE-conjugated anti-IL-22 monoclonal Ab. App-
ropriate species-matched Abs served as iso-
type controls. Flow cytometry was performed
using a FACS Can to Il flow cytometer (BD
Biosciences), and the data were analyzed using
BD FACS and FlowJo software.

Histological analysis of the kidneys

The lungs and kidneys were fixed, embedded in
paraffin, sectioned, and stained with hematoxy-
lin and eosin (HE). The stained sections were
analyzed via light microscopy; sections from
healthy age-matched female BALB/c mice were
used as controls. Light microscopy and immu-
nohistochemistry were performed using rou-
tine procedures.

Statistical analyses

The data were expressed as the mean + stan-
dard deviation. The data from different groups
were compared using the Mann-Whitney U
test. Statistical analyses were performed using
SPSS version 19.0 statistical software, and p
values of less than 0.05 were considered sta-
tistically significant.

Results
Animal model of chronic kidney disease

We established an IgA nephrology model and
HS infection model. In the ninth week, two mice
were randomly selected to validate the model
by collecting urine using metabolic cages and
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examining Kidney pathology. Urine sediment
microscopy showed 6-8 RBCs/hpf in urine. The
pathological analysis showed mesangial cell
proliferation and mesangial IgA deposition
based on immunofluorescence microscopy, as
well as electron-dense deposits in the mesan-
gium based on electron microscopy, as shown
in Figure 1.

Inflammatory cell infiltration into the lungs of
mice with IgA nephropathy increased signifi-
cantly after HS infection

In the 10th week of the experiment, we used
Streptococcus Ato intervene in the IgA nephrop-
athy group. We isolated and proliferated St-
reptococcus A in vitro and inoculated mice via
the nasal cavity. After 2 weeks of antibody
intervention, the results showed that HE stain-
ing of lung tissues was worse in the treatment
group than in the control group. The lungs of
IgA nephropathy mice treated with Strep-
tococcus haemolyticus A had obvious inflam-
matory cell infiltration. The infection with Strep-
tococcus haemolyticus A was successful, as
shown in Figure 2.

After streptococcal infection, the percentage
of Th22 cells in the ISAN group was higher
than that in the normal group but decreased
significantly when chemotaxis was blocked

The proportion of Th22 cells in the IgA nephrop-
athy model was significantly higher than that
in the normal control group, especially after
Streptococcus haemolyticus A infection. Flow
cytometry was used to detect the proportion of
Th22 cells in the plasma. First, CD3* and CD4*
cells were gated by flow cytometry. Then, the
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Figure 2. Inflammatory cell infiltration was more obvious in the lungs of mice with IgA nephropathy that were in-
fected with hemolytic Streptococcus A than in the lungs of normal mice. In the infection of isodose streptococcus,
the inflammatory cell infiltration of the lungs in the IgA nephropathy group increased significantly, indicating that
patients with IgA nephropathy may be more susceptible to infection and once infected, the condition is also heavier.
A. Normal control group; B. Normal group with Streptococcus A infection; C. IgA nephropathy with Streptococcus A
infection (HE, x400).

proportion of Th22 cells was calculated on the
basis of CD4" staining. The results showed that
the proportion of Th22 cells in whole blood
from IgA nephropathy mice was significantly dif-
ferent from that in whole blood from normal
mice. Infection with Streptococcus haemolyti-
cus A aggravated the abnormality of T lympho-
cytes, and the CCL antibody blocked this effect.
After treatment, the percentage of Th22 ce-
lls decreased significantly (0.13+0.02%, 2.73+
0.13%, 3.69+0.20%, 6.71+0.43%, and 2.97+
0.09%, n=5; P<0.01). Homotypic controls were
used for each corresponding antibody, as sho-
wn in Figure 3.

Histopathological analysis showed that CCL27
and CCR10 were expressed more strongly in
I8A nephropathy mice than in normal controls,
aggravated in the Streptococcus haemolyticus
A group, and expressed weakly after CCL inter-
vention

The expression of CCL27 and CCR10 was de-
tected by immunohistochemistry. The expres-
sion of CCL27 and CCR10 in various groups
was observed under a microscope at a 400x
magnification. No CCL27 or CCR10 was found
in the normal group. CCL27 and CCR10 were
expressed in the renal tubules and glomeruli in
the IgA nephropathy group and further enhan-
ced after infection with Streptococcus haemo-
lyticus A. After intervention with the CCL anti-
body, the expression of CCL27 and CCR10 de-
creased, as shown in Figure 4.
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Inhibition of chemotaxis reduced Th22 cell
infiltration

To further determine the role of Th22 cells in
renal injury, in addition to immunohistochemis-
try, we also detected the expression of CCL27
and IL-22 in renal tissue and plasma by ELISA.
The expression of CCL27 and IL-22 in each
group was repeated three times, which was
consistent with the results of immunohisto-
chemistry. Compared with the normal group,
the expression of IL-22 in the IgA nephropathy
group was significantly increased. After Strep-
tococcus haemolyticus A infection, the expres-
sion of IL-22 was further increased. After the
intervention with the CCL antibody, the expres-
sion of IL-22 decreased significantly. Similarly,
the expression of CCL27 was significantly high-
er than that of the normal group. The expres-
sion of CCL27 in IgA nephropathy mice infected
with Streptococcus A increased significantly
but decreased after intervention with the
CCL27 antibody, especially in the combined
intervention group, as shown in Figure 5.

Discussion

Mucosal immunity-related immunological me-
chanisms have become a hot topic in recent
years [12], the relationship between IgA ne-
phropathy and mucosal immunity has been
studied [12-14]. At present, IgA nephropathy
studies mainly concentrate on two large sites of
mucosal immunity in the digestive tract and
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Figure 3. Th22 cells were increased more prominently in the streptococcal infection group. After GAS infection in the chronic glomerulonephritis group, the propor-
tion of Th22 cells was higher. After intervention with anti-Th22 chemokine antibody, the number of Th22 cells decreased significantly. N, normal; N+GAS, normal
control group infected with GAS; A, IAN group; ISAN+GAS, IgAN group with GAS infection; A+GAS+Ab, IgAN group with GAS infection and with chemokine interfer-

ence.
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Figure 4. Streptococcus can promote the expression of CCL27 and CCR10 in the kidney. Immunohistochemical
staining analysis of renal tissue samples with a CCL27 immunohistochemical antibody showed that the positive
site was brown. CCL27 and CCR10, a specific chemokine of Th22 cells, were expressed in the glomeruli. Compared
with the control group, CCL27 was more expressed in IgA nephropathy mice, and this expression was stronger after
infection with Streptococcus haemolyticus A. The difference was more obvious, and the expression of CCL27 and
CCER10 decreased significantly after anti-CCL27 antibody intervention. A. Norma control group; B. Normal group
with GAS infection; C. IgAN group; D. IAN with GAS infection group; E. IAN with CCL-Ab intervention group.

respiratory tract. T lymphocytes and B lympho-
cytes are involved in mucosal immunity. The
transformation of B lymphocytes into antibody-
secreting cells requires induction of the cyto-
kine 1L-21 [15]. In clinical work, patients with
IgA nephropathy often suffer from upper respi-
ratory tract infection in the course of onset,
recurrence and aggravation. Mucosal infection
is closely related to the onset of IgA nephropa-
thy. Mucosal immune dysfunction is an impor-
tant mechanism in the pathogenesis of IgA
nephropathy, which has been widely recognized
by the academic community [16]. The typical
clinical symptoms of IgA nephropathy, hematu-
ria and proteinuria often occur after upper
respiratory tract infection. IgA is also a mucosal
immune-related immunoglobulin [17], and St-
reptococcus haemolyticus A is the main patho-
gen in the tonsils of patients with IgA nephropa-
thy [18]. IgA deposited in the mesangial area of
the kidney mainly comes from the bone mar-
row. Abnormal IgA1 produced by the tonsils is a
possible source of low glycosylated IgA1 in the
serum of patients with IgA nephropathy [19].
Recently, accumulating data have shown that T
lymphocyte-mediated tissue damage plays an
important role in renal inflammatory diseases,
and chemokines can inhibit the infiltration
of injured T cells in glomerular diseases [20].

7437

Therefore, selective chemotaxis can protect
kidney lymphocytes or regulate the proportion
of T lymphocyte subsets to treat nephritis. Re-
gulating the function of T lymphocytes may be a
new treatment direction for nephritis in the
future [13]. Some studies have found that there
is an increase in IL-22 in the primary focus and
serum of patients with non-small cell lung can-
cer, and the increase in IL-22 is related to the
occurrence and progression of lung cancer
[24].

It is clear that Th22 cells participate in the
occurrence and development of IgA nephropa-
thy and that IL-22 can promote mesangial cell
proliferation and inflammatory cell chemotaxis
to affect renal function. In the field of cancer
research, it has been found that there is an
increase in IL-22 in the primary focus and
serum of patients with non-small cell lung can-
cer [22]. Our previous studies found that the
proportion of Th22 cells in IgA nephropathy
was significantly increased. The probability and
severity of infection in patients with chronic
nephritis are often higher than those in normal
controls, but the specific mechanism is not fully
understood, and no relevant pathological anal-
ysis has verified this observation. In this study,
we detected Th22 cells in IgA nephropathy

Am J Transl Res 2019;11(12):7432-7440
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Figure 5. Main effector of Th22 cells in renal ho-
mogenate and plasma. After streptococcal infection,
the expression of the major effector IL-22 and che-
mokine CCL27 also increased simultaneously. The
above figure shows the concentration changes in
CCL27 and IL-22 in kidney tissue and plasma (n=5).
The horizontal line in the figure indicates the mean
(x+s). The concentration of chemokines in kidney ho-
mogenate and plasma was detected by ELISA. The
data for each group were analyzed by the Wilcoxon
rank sum test, *P<0.05, **P<0.01.

mice, as well as their surface-specific chemo-
kine receptor CCR10 and the chemotaxis factor
CCL27. The expression of the factor CCL27
changed, and infection with Streptococcus ha-
emolyticus A could aggravate the injury. After
intervention with anti-CCL antibody, the injury
was reduced, and renal protection could be
achieved. In our previous experiments in vitro,
we found that IL-1, IL-6, TNF-a and 1L-21 could
promote the differentiation of initial CD4* T
cells into Th22 cells independently. It was re-
cently shown that chemokines, a group of small
proteins, serve as key regulators of directional
T cell trafficking under inflammatory conditions,
achieved by the differential expression of cor-
responding chemokine receptors on the sur-
face of leukocyte subsets. It can be argued that
these chemokines play critical roles in both B
and T cell development [23]. The expression of
these receptors may change depending on the
activation status of the T cell [24]. IL-22, an
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effector molecule of Th22 cells, has multiple
roles in immune regulation. IL-22 is named for
its homology with IL-10. It has biological func-
tions of enhancing congenital immunity, pro-
tecting against injury and promoting regenera-
tion. IL-22 can regulate cell growth, prolifera-
tion and the cell cycle [25] in tumor immunity.
Recent studies have shown that the expression
of IL-22 in the early stage of lung cancer is sig-
nificantly increased, and the overexpression of
IL-22 is associated with the occurrence and
progression of lung cancer. IL-22 can activate
erk, c-Jun, N-terminal enzyme and p38 mito-
gen-activated protein kinase [22].

Chemokines play an important role in the
inflammatory response. In human defense and
the clearance of pathogens and other foreign
bodies, chemokines play a guiding role [26].
Inflammatory cells migrate to target tissues
according to the signals provided by chemo-
kines. At the same time, chemokine release
can stimulate the production of inflammatory
factors. The main role of inflammatory chemo-
Kines is chemotaxis of inflammatory cells from
the blood circulation to infection or tissue dam-
age sites. Chemokines can also promote wound
healing. The Thl-based immune response can
promote the formation of the crescent body,
the deposition of local fibrin mediated by cellu-
lar immunity, the delayed high-sensitivity-like
mechanism, the activation of cells in the kidney
through MHCII molecules and costimulatory
molecules and the production of chemokines
and cytokines, the recruitment and damage of
white blood cells, and the T-cell-mediated re-
sponse mechanism in crescent glomerulone-
phritis [7]. T lymphocyte subsets differ by se-
creting different cytokines but share common
antigens. Even in the same patient, unused T
lymphocyte dominance can lead to different
diseases, leading to different prognoses. The
number, function and proportion of T lympho-
cytes change throughout the course of disease
evolution. The outcomes are also different. The
number of T lymphocytes changes, and func-
tional deficiencies may occur. Sex also has an
effect and may increase the activity of B cells
[27].

In chronic glomerular diseases mediated by
immune inflammation, innate renal cells (inclu-
ding mesangial cells, endothelial cells, podo-
cytes and tubular epithelial cells, etc.) have
receptors for multiple inflammatory mediators

Am J Transl Res 2019;11(12):7432-7440
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[1, 28], and they can secrete a variety of inflam-
matory mediators and chemokines, thus mak-
ing innate renal cells not only passive victims of
glomerular immune-mediated inflammation but
also active participants in the immune response
[29]. Renal capillary endothelial cells and tubu-
lar epithelial cells are nonprofessional APCs,
while podocytes and mesangial cells have help-
ful antigen-presenting effects due to MHCII
molecules, CD80 and CD86, which can provide
T cell activating signals [30]. IL-22 can play a
dual role in pathogenicity and protection in par-
ticipating organs and tissues as well as in dif-
ferent stages of disease. With the in-depth
study of cytokines, new cytokines have been
found, and IL-22 has become a hotspot in
immunology.

Our previous studies explored the mechanism
of differentiation and chemotaxis of Th22 cells
in the pathogenesis of nephritis [9], and Cor-
dyceps sinensis or dexamethasone may modu-
late the chemotaxis of Th22 cells to suppress
inflammatory responses in IgA nephropathy
[10, 31]. This study further explored the possi-
ble mechanism of Streptococcus in the patho-
genesis and development of chronic nephritis.
In renal autoimmune diseases, the chemokine-
chemokine receptor interaction is a possible
target for the treatment of renal diseases.
However, there is no unified theory to describe
how microorganisms cause asthma and muco-
sal inflammation. The respiratory mucosa is the
key microbial defense barrier. Respiratory
mucosal epithelial cells and dendritic cells can
interact with a series of lymphocytes with dif-
ferent functions. Then, lymphoid cells control a
series of natural and specific pathways of the
host mucosal immune response. This theory
provides new, specific therapies that can be
evaluated in clinical trials. Based on these new
ideas, specific host biomarkers may allow per-
sonalized therapy to become a new treatment
strategy for patients with IgA nephropathy. The
results of our study were consistent with a pos-
sible role for Th22 cells in IgA nephropathy, and
we explored one of the possible pathogenic
mechanisms of Streptococcal infection in CKD.
However, there are several limitations of this
study. For instance, the examination period of
the experiments was limited and did not explore
the mechanism of pulmonary involvement at
the same time. Future studies will explore the
role of Th22 cells in glomerulonephritis.
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Conclusions

In this study, we found that streptococcus may
aggravate inflammatory damage in chronic ne-
phritis through the chemotaxis of Th22 cells.

Acknowledgements

The authors thank Dr. Xuezhang Li for his zeal-
ous help in data processing.

This study adhered to the principles of the
Declaration of Helsinki Il and was approved by
the medical ethics committee of Xiangya Hos-
pital, Central South University (Ethical Code:
20150003). Written informed consent was
obtained from all the study participants.

Disclosure of conflict of interest
None.

Address correspondence to: Chenggen Xiao, De-
partment of Emergency Medicine, Xiangya Hospital,
Central South University, 87 Xiangya Road, Chang-
sha, Hunan, China. E-mail: 464294932@qq.com

References

[1] Levey AS and Coresh J. Chronic kidney dis-
ease. Lancet 2012; 379: 165-80.

[2] O’Shaughnessy MM, Hogan SL, Thompson BD,
Coppo R, Fogo AB and Jennette JC. Glomerular
disease frequencies by race, sex and region:
results from the international kidney biopsy
survey. Nephrol Dial Transplant 2018; 33:
661-669.

[3] O’Shaughnessy MM, Montez-Rath ME, Lafay-
ette RA and Winkelmayer WC. Patient charac-
teristics and outcomes by GN subtype in ESRD.
Clin J Am Soc Nephrol 2015; 10: 1170-8.

[4] ChualS, Zandbergen M, Wolterbeek R, Baelde
HJ, van Es LA, de Fijter JW, Bruijn JA and Baje-
ma IM. Complement-mediated microangiopa-
thy in IgA nephropathy and IgA vasculitis with
nephritis. Mod Pathol 2019; 32: 1147-1157.

[5] Ramezani A and Raj DS. The gut microbiome,
kidney disease, and targeted interventions. J
Am Soc Nephrol 2014; 25: 657-70.

[6] Komada T and Muruve DA. The role of inflam-
masomes in kidney disease. Nat Rev Nephrol
2019; 15: 501-520.

[7] Knauf F, Brewer JR and Flavell RA. Immunity,
microbiota and kidney disease. Nat Rev
Nephrol 2019; 15: 263-274.

[8] Sonnenberg GF, Fouser LA and Artis D. Border
patrol: regulation of immunity, inflammation
and tissue homeostasis at barrier surfaces by
IL-22. Nat Immunol 2011; 12: 383-90.

Am J Transl Res 2019;11(12):7432-7440


mailto:464294932@qq.com

(9]

(10]

(11]

(12]

[13]

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

7440

The control of inflammation in IgA nephropathy

Xiao C, Zhou Q, Li X, Li H, Meng T, Zhong Y, Pu
J, Zhu M, Xu Y, Gan L, Sun H and Xiao P. Dif-
ferentiation and recruitment of IL-22-produc-
ing helper T cells in IgA nephropathy. Am J
Transl Res 2016; 8: 3872-3882.

Xiao C, Zhou Q, Li X, Li H, Zhong Y, Meng T, Zhu
M, Sun H, Liu S, Tang R, Pu J, Xu Y and Xiao P.
Losartan and dexamethasone may inhibit che-
motaxis to reduce the infiltration of Th22 cells
in IgA nephropathy. Int Immunopharmacol
2017; 42: 203-208.

Meng T, Li X, Ao X, Zhong Y, Tang R, Peng W,
Yang J, Zou M and Zhou Q. Hemolytic Strepto-
coccus may exacerbate kidney damage in IgA
nephropathy through CCL20 response to the
effect of Th17 cells. PLoS One 2014; 9:
e108723.

Mandell LA and Niederman MS. Aspiration
pneumonia. N Engl J Med 2019; 380: 651-
663.

Artis D and Spits H. The biology of innate lym-
phoid cells. Nature 2015; 517: 293-301.
ChenY, Li H, Xiao C, Zeng X, Xiao X, Zhou Q and
Xiao P. NLRC5: potential novel non-invasive
biomarker for predicting and reflecting the pro-
gression of IgA nephritis. J Transl Med 2018;
16: 317.

Ettinger R, Kuchen S and Lipsky PE. The role of
IL-21 in regulating B-cell function in health and
disease. Immunol Rev 2008; 223: 60-86.
Schena FP and Manno C. Intensive supportive
care plus immunosuppression in IgA nephrop-
athy. N Engl J Med 2016; 374: 992.

Lai KN, Leung JC, Chan LY, Saleem MA, Ma-
thieson PW, Tam KY, Xiao J, Lai FM and Tang
SC. Podocyte injury induced by mesangial-de-
rived cytokines in IgA nephropathy. Nephrol
Dial Transplant 2009; 24: 62-72.

Glassock RJ. Mortality risk in IgA nephropathy.
J Am Soc Nephrol 2019; 30: 720-722.

Itoh A, Iwase H, Takatani T, Nakamura |, Hayas-
hi M, Oba K, Hiki Y, Kobayashi Y and Okamoto
M. Tonsillar IgA1 as a possible source of hypo-
glycosylated IgA1 in the serum of IgA nephrop-
athy patients. Nephrol Dial Transplant 2003;
18:1108-14.

Gan L, Zhou Q, Li X, Chen C, Meng T, Pu J, Zhu
M and Xiao C. Intrinsic renal cells induce lym-
phocytosis of Th22 cells from IgA nephropathy
patients through B7-CTLA-4 and CCL-CCR path-
ways. Mol Cell Biochem 2018; 441: 191-199.
Zhang W, Chen Y, Wei H, Zheng C, Sun R,
Zhang J and Tian Z. Antiapoptotic activity of au-
tocrine interleukin-22 and therapeutic effects
of interleukin-22-small interfering RNA on hu-
man lung cancer xenografts. Clin Cancer Res
2008; 14: 6432-9.

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Witte E, Witte K, Warszawska K, Sabat R and
Wolk K. Interleukin-22: a cytokine produced by
T, NK and NKT cell subsets, with importance in
the innate immune defense and tissue protec-
tion. Cytokine Growth Factor Rev 2010; 21:
365-79.

Fernandes SM, Pires AR, Matoso P, Ferreira C,
Nunes-Cabaco H, Correia L, Valadas E, Pocas
J, Pacheco P, Veiga-Fernandes H, Foxall RB
and Sousa AE. HIV-2 infection is associated
with preserved GALT homeostasis and epithe-
lial integrity despite ongoing mucosal viral rep-
lication. Mucosal Immunol 2018; 11: 236-
248.

Bromley SK, Mempel TR and Luster AD. Or-
chestrating the orchestrators: chemokines in
control of T cell traffic. Nat Immunol 2008; 9:
970-80.

Fang JY and Richardson BC. The MAPK signal-
ling pathways and colorectal cancer. Lancet
Oncol 2005; 6: 322-7.

Recio C, Lazaro |, Oguiza A, Lopez-Sanz L, Ber-
nal S, Blanco J, Egido J and Gomez-Guerrero C.
Suppressor of cytokine signaling-1 peptidomi-
metic limits progression of diabetic nephropa-
thy. J Am Soc Nephrol 2017; 28: 575-585.
Bromley SK, Mempel TR and Luster AD. Or-
chestrating the orchestrators: chemokines in
control of T cell traffic. Nat Immunol 2008; 9:
970-80.

Lai KN, Leung JC, Chan LY, Saleem MA, Ma-
thieson PW, Tam KY, Xiao J, Lai FM and Tang
SC. Podocyte injury induced by mesangial-de-
rived cytokines in IgA nephropathy. Nephrol
Dial Transplant 2009; 24: 62-72.
Rodriguez-lturbe B and Musser JM. The cur-
rent state of poststreptococcal glomerulone-
phritis. J Am Soc Nephrol 2008; 19: 1855-64.
Xin N, Namaka MP, Dou C and Zhang Y. Explor-
ing the role of interleukin-22 in neurological
and autoimmune disorders. Int Immunophar-
macol 2015; 28: 1076-83.

Xiao C, Xiao P, Li X, Li X, Li H, Chen Y, Wang Y,
Xu'Y, Huang G and Zhou Q. Cordyceps sinensis
may inhibit Th22 cell chemotaxis to improve
kidney function in IgA nephropathy. Am J Transl
Res 2018; 10: 857-865.

Am J Transl Res 2019;11(12):7432-7440



