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Abstract. Immunoglobulin A nephropathy (IgAN), the most
common primary glomerulonephritis worldwide, is the main
cause of end-stage renal disease. IgAN is characterized by the
accumulation of immune complexes in the circulation, which
contain abnormal levels of IgA. IgAN primarily results from
galactose-deficient IgA1 (Gd-IgAl) and Gd-IgAl deposition
in the renal mesangium, causing local proliferation and matrix
expansion. Gd-IgA1 has been confirmed as one of the key effec-
tors in the pathogenesis of IgAN, but the origin of Gd-IgAl is
not clear. Recent studies have shown that Gd-IgA1 deposition
could be the result of mucosally primed plasma cells and is
associated with T cell dysregulation. T cells contribute to the
IgA response and play an important role in the development of
IgAN. In the present review, the latest discoveries regarding
the role of T lymphocytes in the pathogenesis of IgAN have
been summarized. Understanding these advances will allow
novel therapeutic strategies for the treatment of I[gAN.
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1. Introduction

Immunoglobulin A nephropathy (IgAN) is the most common
primary glomerulonephritis in the world, which normally
leads to end-stage renal disease. It is characterized by the
overexpression of IgA1 molecules, with low galactosylation in
the serum and mesangium of the kidney (1,2). There are two
subclasses of IgA in humans, IgA1 and IgA2. The main differ-
ence between IgA1l and IgA2 is that there is a hinge region
(HR) in the IgA1l heavy chain (3). Furthermore, in the HR of
the heavy chain, there are 3 to 6 O-glycans connected to either
a serine or threonine; the HR is co-translated/post-translated
by the addition of up to 6 O-glycan chains (4). These chains
include N-acetylgalactosamine (GalNAc), which is linked
by O-linkage with serine or threonine residues. The galac-
tose within GalNAc may be -1, -3 using the enzyme core
1 p-1,3-galactosyltransferase (C1GalT1; the key enzyme of
galactosylation), which requires assistance from the molecular
chaperone, Cosmc; and is essential for correct folding and
stability. Galactose residues and GalNAc can be sialylated in a
2, 3- or a 2, 6-configuration, respectively.

Although the exact pathogenesis of IgAN remains unclear,
it is hypothesized to be associated with the immune imbalance
in the human body. Furthermore, the decreased expression
level of the molecular chaperone Cosmc in B cells of patients
with IgAN is associated with the number of B cells and the
abnormal glycosylation of IgA1 in IgAN (5-8). However, the
production of IgAl with low galactosylation in IgAN may
be the result of B cell defect, and the activity of C1GalT1 is
decreased in B cells (9). This is consistent with the observa-
tion that an increasing number of poly IgA1l (pIgAl) plasma
cells are found in the bone marrow and tonsils of patients
with IgAN with the inactivation of C1GalT1 of B cells, and
the increase in IgA1 synthesis of these plasma cells in spon-
taneous culture is also observed (10,11). Notably, pIgAl is
produced by polyclonal active B cells, and the process of IgA
production by B cells is regulated by T cells. Lymphocytes
induced by mucosal antigens produce abnormal amounts of
poorly glycosylated IgA1 and polymerized IgA-IgG immune
complexes (12,13). T lymphocytes play a key role in the control
of antigen-driven adaptive immune response; in particular the
polarization of T helper (Th) cells can affect IgAN (14-16).

It remains unclear where galactose-deficient IgAl
(Gd-IgAl) originates; however, an increasing number of studies
have revealed that Gd-IgA1 deposition could be derived from
mucosally primed plasma cells, which is related to the imbal-
ance of a subset of T cells (17). Furthermore, previous studies
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have revealed that impaired mucosal IgA response may lead
to impaired mucosal antigen clearance. Mucosal immunity
depends on a delicate balance between antigen reactivity and
tolerance. CD4* T cell subsets play a vital role in maintaining
or destroying this balance (18). Recent studies suggest that Th2
type cytokines are the main cytokines secreted by circulating T
cells in IgAN. Th2 type cytokines could trigger over-secretion
of abnormal glycosylation of IgAl, which is easy to deposit
in the mesangium (19). However, additional reports also
revealed that the strong polarization of Thl in IgAN, and the
advantage of Thl is associated with the development of renal
injury in IgAN (20-23). In a recent study, the upregulation of
CX3CRI1* CD8* T cells in the tonsils was found in patients
with IgAN (24). Taken together, these findings revealed that
T lymphocytes play an important role in the development
of IgAN. T cell dysregulation may induce B cells to secrete
excessive and abnormal levels of IgA1, which can lead to IgA
deposition in the glomerular and lead to injury.

In the present review, the roles of T lymphocytes in IgAN
are highlighted from the literature. Furthermore, the role of
T lymphocytes in the pathogenesis of IgAN and their potential
as therapeutic interventions and biomarkers for the treatment
and monitoring of IgAN will also be discussed.

2. T lymphocyte classification

CD4* T cells, including Treg and effector Th cells, play
a key role in the host defense. However, the imbalance of
CD4* T cell differentiation leads to chronic infections as
well as a variety of inflammatory allergic and autoimmune
diseases, such as chronic hepatitis B virus infection (25),
rhinallergosis (26) and IgAN (27). The differentiation and
functions of CD4* T cell subsets are dependent upon the
cytokine environment, which enables the differentiation into
several distinct subtypes to coordinate the immune response
to clear the pathogenic insult. At present, with respect to the
lineage-specific transcription factors, several different T cell
subtypes have been identified: T-bet for Th1 cells, GATA3 for
Th2 cells, RORyt for Th17, the master regulator Foxp3 for Treg
cells, and Bcl6 for follicular helper T cells (TFH cells) (28,29).
Each of these T cell subtypes have specific characteristic
cytokines and performs various immune functions according
to the type of cytokines (30). Thl cells produce pro-inflam-
matory cytokines, including interleukin (IL)-2 and interferon
(IFN)-v, which contribute to cellular immunity and clearance
of intracellular pathogens. Meanwhile, Th2 cells secrete
anti-inflammatory cytokines, including IL-4 and IL-10, which
are essential for humoral-mediated immunity of extracellular
pathogens (31-33). In addition, Th17 cells include another
subset of Th cells characterized by the secretion of IL-17 (34).
The Th17 lineage has been revealed to play an important role
in the early response to bacterial pathogens and the initia-
tion of autoimmune diseases, such as rheumatoid arthritis,
IgAN and allergen-specific responses (35). Furthermore,
CD4*CD25* Treg cells are a subgroup of inhibitory T cells,
including natural Treg (nTregs), inducible Treg (iTregs) and
thymus-derived Treg (tTregs) cells, and play a crucial nega-
tive regulatory role in the immune system (36,37). In a recent
study, TFH cells have been revealed to be important subsets
of T cells involved in the regulation of B cell activation and
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the formation of the germinal center, which can enhance the
humoral response (38). Similarly, CD8* T cells are part of the
adaptive immune response. With the help of CD4* T cells, they
can effectively eliminate viruses (39,40). Novel T-lymphocyte
subsets are expected to be identified in the future.

3. Role of T lymphocytes in IgAN

T cells are important cells, which control antigen-driven adap-
tive immune response. Inappropriate differentiation of T cells
leads to chronic infection, as well as to various autoimmune
diseases, such as glomerulonephritis (41). Thus, it is important
to identify and understand the mechanisms underlying the
preferential induction of each of these T cell subsets. IgAN is
hypothesized to be associated with the immune abnormality
of T cells, which leads to abnormal signal transduction and
changes in B cell response (17,42) (Fig. 1). For example, in
an animal model of IgAN, ddy mice showed strong polariza-
tion to Thl in the early stage of the disease (43). In addition,
the expression of T-bet in urine sediment of newly diagnosed
children with IgAN was found to be higher compared with
that in the control group, which is associated with the posi-
tive staining of T-bet protein in renal biopsy tissue (44).
Meanwhile, Th2 cytokine IL-4 may play an important role in
controlling the glycosylation of the IgA1 HR (45) and renal
fibrosis (46). Furthermore, the Th1:Th2 ratio is associated
with proteinuria and renal pathologic changes in the IgAN
group (47). As specific specialized signature cytokines, and
the imbalance of T cells in blood samples are relatively stable
and easy to quantify, there is potential for these to be used
as biomarkers for the treatment and monitoring of diseases.
However, there is limited research on the role of T cell subsets
in the pathogenesis of IgAN and their potential application as
new therapeutic targets. Therefore, further research is urgently
needed to address this shortfall. Here, the current literature on
T cell subsets associated with IgAN is reviewed.

4. Th1/Th2 lymphocytes

It is widely known that IgAN is the most common immune
complex associated with the cause of glomerulonephritis in
the world (48,49). There is emerging evidence which shows
that the imbalance of Th1/Th2 pro-inflammatory cytokines
plays an important role in the development and progression
of IgAN (42,43). Thl cells induce cytotoxic and cell-mediated
immunity by the secretion of IL-2, IFN-y and tumor necrosis
factor (TNF)-a, and antagonize Th2 cell function. By contrast,
Th2 cells adjust humoral immunity via the predominant secre-
tion of IL-4, IL-5, IL-6, and IL-13, and antagonize Thl cell
function (18). On the one hand, it was reported that in an animal
model of IgAN, ddy mice showed strong polarization to Thl in
the early stage of the disease (43), while those with quiescent
disease were Th2 polarized. The level of IgA/IgG2a immune
complex in the serum was found to be significantly associated
with the degree of glomerular lesions (20). In another study,
bioinformatic analysis further revealed that three regions
were aberrantly methylated and affected the genes of CD4*
T cell response and proliferation in patients with IgAN. This
included a total of two hypomethylated regions arranged in
genes, including TCR (T-cell receptor) signaling, DUSP3
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Figure 1. T cells in the pathogenesis of IgA nephropathy. IgA nephropathy (IgAN) is characterized by the accumulation of immune complexes in the circula-
tion. It is mainly composed of galactose-deficient IgA1 (Gd-IgA 1) and Gd-IgA1 deposition in the renal mesangium, causing local proliferation and matrix
expansion. Gd-IgA1 has been confirmed as one of the key effectors in the pathogenesis of IgAN. Recent studies have shown that T lymphocytes play a crucial
role in the development of IgAN. T-cell dysregulation may induce B cells to secrete excessive and abnormal IgA1, leading to IgA deposition in the glomerulus
and injury. Stat, signal transducer and activator of transcription; IL, interleukin; Tfh, follicular helper T cell; Th, helper T cell; IFN, interferon; TNFa, tumor

necrosis factor a; TGF-f, transforming growth factor f3.

(dual-specificity phosphatase 3) and TRIM27 (tripartite
motif-containing 27), and a hypermethylated region involved
in VTRNAZ2-1 (vault RNA 2-1) non-coding RNA, also consid-
ered as the microRNA (miR)-886 precursor. Moreover, the
hypermethylation of the miR-886 precursor led to the decrease
in CD4" T cell proliferation and the overexpression of TGF-3
after TCR stimulation, which has been proven to induce the
transformation of IgA and IgG2, and increase the secretion
of IgAl and IgA2 in human B cells (50-52). In a study by
Sallustio et al (50), the ratio of IL-2/IL-5 was significantly
increased in patients with IgAN and clearly indicated
a Thl shift.

On the other hand, previous studies have suggested that
in severe renal insufficiency there is an increase in Th2 cyto-
kines and IL-4 in patients with [IgAN compared with that in
the controls (27,53). In addition, Th2 cytokines induce poor
glycosylation of IgA and involvement of these cytokines
in Th2-dependent modifications of the sugar chain in the
gastrointestinal mucosa and tonsils have also been demon-
strated (53-55). Furthermore, the cytokine, IL-4, secreted by
Th2 may play an important role in controlling glycosylation
of the IgA1 HR (45) and renal fibrosis (46). A previous report
demonstrated that Th2 predominance in IgAN was associated
with chronic tonsillitis. In addition, a-hemolytic streptococcus
(a-HS) promoted a Th2-type immune response in tonsil
mononuclear cells (TMCs) of IgAN (47). Furthermore, the
loss of the encoding MAD homologue 4 (Smad4) gene in
T cells leads to the over-secretion of Th2 cytokines and the
increase in the serum level of IgA. Moreover, Smad4co/cotek-cre
mice showed a large amount of glomerular IgA deposition,
increased albumin/creatinine ratio, abnormal glycosylation of
IgA, complex of IgA with IgG1 and IgG2a, and polymeric IgA,
all of which are known characteristics of human IgAN (56).
However, a previous report demonstrated that the mRNA
level of IL-2 in Thl cells in patients with [gAN was also

significantly associated with the mRNA level of IL-4 and IL-5
in Th2 cells (57). Cumulatively, these findings suggest that
Th1/Th2 imbalance might play important roles in the patho-
genesis of IgAN due to the Th1/Th2 polarity in the systemic
immune response, which may induce the dysregulation of
systemic tolerance, followed by B-lymphocyte proliferation
and the production of abnormal IgAl. Notably, Thl cells may
play a central pathogenetic role in the early phase of IgAN. By
contrast, Th2 cells could be important in the later stages of
disease progression. In addition, Thl cells and Thl cytokines
are associated with glomerular lesions, whereas Th2 cells and
Th2 cytokine expression were associated with tubulointersti-
tial lesions. However, further validation studies are required to
investigate the expression of Th1/Th2 cells in different stages
of the disease.

5. Th17 lymphocytes

Th17 cells have been recently identified as a subtype of Th
cells that produce IL-17 and play a role in nephritis, asthma
and other autoimmune diseases (41,58-61). In addition,
IL-17 is involved in the pathogenesis of IgAN. In a study of
32 patients with IgAN [16 patients with non-IgA mesangial
proliferative glomerulonephritis (MsPGN) and 32 healthy
subjects], Th17 cells were significantly increased in patients
with IgAN compared with that in the healthy controls (62).
Furthermore, Meng et al (21) demonstrated that the number
of Thl17 cells and the Th17:Treg ratio was increased in mice
with IgAN, who were also revealed to have proteinuria and
microscopic hematuria, mesangial hyperplasia, IgA deposition
and high electron density deposition in the mesangial area.
Moreover, the levels of the cytokines secreted by Th17 cells,
including CCL20, IL-17A, IL-6 and IL-21 were all increased
in the kidneys of mice with IgAN. In addition, different
experimental groups were investigated [mice with IgAN; mice
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with IgAN infected using a-HS, mice with IgAN treated with
CCL20, and mice with IgAN infected using a-HS and treated
with CCL20) and it was revealed that the manifestations in
mice with a-HS-IgAN were more severe compared with that
in mice with IgAN, but was alleviated in the CCL20-treated
groups. This study by Meng er al (21) suggests that a-HS
may aggravate renal damage in IgAN through the response
to CCL20 secreted by Th17 cells. In an additional study of
60 biopsies from patients confirmed to have IgAN and 25
healthy controls, flow cytometric analysis revealed that the
percentage of Th17 cells in the peripheral blood was markedly
higher. Moreover, ELISA results indicated that the serum level
of cytokine IL-17 was significantly higher in patients with
IgAN compared with that in the control group (63). In addi-
tion, a previous study revealed that, compared with normal
controls, patients with I[gAN showed an increased number of
Th17 cells. The serum levels of IL-17A and IL-21, secreted
from Th17 cells, were increased in patients with IgAN, and
serum levels of IL-17A was associated with 24-h proteinuria.
Moreover, the expression level of IL-17A was found in 34 out
of 63 patients with IgAN at the renal tubule site. Compared
with 29 patients without IL-17A expression, these patients
had decreased renal function, increased proteinuria and more
severe tubulointerstitial damage (64). Taken together, the
aforementioned results suggest that Th17 cells and the serum
level of IL-17 may be aggravating factors in IgAN; however,
to the best of our knowledge the mechanisms involved have
not been determined. Furthermore, the sample size of the
aforementioned studies was small, thus further studies are
required with a much larger cohort of patients.

6. TFH cells

TFH cells are a distinct type of CD4* T cell, which specifically
regulate the antibody response. It is characterized by increased
expression levels of numerous molecules, including Bcl-6,
PD-1, ICOS, CD40-ligand (CD40L), and CXCRS, as well as
IL-21 (65-67). With respect to the expression of CCR6 and
CXCR3, 3 TFH subsets have been defined: CCR6'CXCR3*
TFHI1 cells, CCR6'CXCR3" TFH2 cells, and CCR6*CXCR3-
TFHI17 cells (68). TFH cells function as crucial mediators of the
humoral responses through direct interactions with B lympho-
cytes. Therefore, they are important factors in the quality of
the antibody response after antigen stimulation. Over-secretion
of TFH cells can lead to autoimmunity (38,69,70), particularly
in systemic lupus erythematosus (SLE) , rheumatoid arthritis,
and Sjogren's syndrome (66). In addition, a recent study
revealed that, compared with healthy controls, significantly
higher percentages of CD4*CXCRS5*, CD4*CXCR5*PD-1*
TFH and CD4*CXCRS5*ICOS* cells, as well as higher serum
levels of I1L-2, IL-4, IL-10, IFN-v, IL-17A and IL-21, were
detected in patients with IgAN. Moreover, the percentages
of CD4*CXCR5* TFH cells were negatively correlated with
the values of estimated glomerular filtration rate (eGFR),
and the percentage of CD4*CXCRS5*PD-1* TFH cells was
positively correlated with serum levels of IL-21, Gd-IgA1 and
24-h urinary proteins (23). Taken together, the results from
the aforementioned studies indicate that TFH cells play an
important role in IgAN, which is due to the central role of TFH
cells in antibody-associated immune response. However, the
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mechanism remains unclear. It is hypothesized that TFH cells
provide a co-stimulation signal to activate antigen-specific
autoreactive B lymphocytes by regulating the clonal selection
of germinal center B cells and inducing high-affinity and
long-lived plasma cell development and survival, resulting
in high levels of autoantibody secretion (71,72). Moreover,
TFH cells can promote B cell activation and plasma cell
differentiation by producing IL-6 and IL-21 (73). As a result,
the production of poorly galactosylated IgA1 autoantibodies
interact with antigens to form an immune complex, which
deposits on the renal mesangium, inducing several immune
and pathological changes, eventually culminating in the devel-
opment of IgAN (74,75). However, there is limited research
regarding the role of TFH cells in the pathogenesis of IgAN
and their potential as biomarkers. Thus, further validation
studies are required.

7. Tregs

Tregs, defined as CD4*CD25*FoxP3* cells, are well-known
to be a subset of T lymphocytes that play a central role in
developing tolerance to autoantigens through direct cell
contact or by producing anti-inflammatory cytokines, such
as TGF-p1 and IL-10 (76,77). A recent study revealed that
patients with [gAN had decreased numbers of tonsillar Tregs,
which was negatively correlated with the number of cells
producing dimeric IgA (78). In addition, another study found
that, in patients with Henoch-Schoénlein purpura and primary
IgAN, mRNA expression levels of TGF-f1 and FoxP3 were
significantly lower compared with that in healthy controls (79).
Furthermore, a recent study has shown that, compared with
normal controls, patients with IgAN had a decreased number
of the CD45RA FoxP3"eh aTreg cells and amount of IL-10.
Moreover, the numbers of aTreg cells were negatively correlated
with eGFR and 24-h proteinuria. Foxp3* monocyte infiltration
was observed in the renal interstitium of patients with IgAN,
particularly in patients with >25% tubular atrophy/interstitial
fibrosis (64). In an additional study, it was revealed that the
levels of proteins in the urine decreased and the number of
red blood cells were improved after CD4*CD25* T cells were
infused into the IgAN rat model. Moreover, renal pathological
examination revealed that there was an improvement in
renal tissue. Immunohistochemistry analysis of IgA revealed
that the deposition of IgA in the mesangial cells was lower
compared with that in a rat [gAN model (80). Yang et al (81)
demonstrated that the number of iTregs in patients with IgAN
was significantly lower compared with that in healthy controls.
However, the nTreg levels did not significantly change. In
addition, the expression levels of TGF-f and IL-10 in patients
with IgAN were lower, whereas those of IL-17 were higher
compared with that in healthy controls (81). Furthermore,
in a study of 35 patients with IgAN and 35 patients without
renal disease, CD4*CD25* Treg cells were significantly lower
in patients with IgAN compared with that in the controls
before tonsillectomy, and were also negatively correlated with
blood urea nitrogen, IL-4 levels and proteinuria, positively
correlated with eGFR, and gradually decreased as the severity
of renal histology increased. Furthermore, serum levels of
IgA, IL-2, IL-4 and IL-6 were increased while the number
of CD4*CD25* Treg cells were decreased in patients with
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IgAN. After tonsillectomy, serum levels of IgA, IL-2, IL-4,
IL-6, urine protein and urine erythrocytes were decreased,
while the levels of CD4 * CD25 * Treg cells were significantly
increased but were still lower compared with that in the control
groups (22). Taken together, the aforementioned studies have
shown that Treg cells are associated with IgAN and increasing
Treg cells in patients with IgAN may lead to clinical improve-
ment. Adoptive transfer of autologous or donor-derived Tregs
represents an exciting immunotherapeutic strategy for patients
with IgAN. However, to the best of our knowledge experiments
have only been performed in rat models of IgAN. Further
studies are urgently required to address this limitation.

8. Th22 cells

The newly discovered Th cell 22 (Th22) is a subset of
CD4* T cells, which is distinguished by analyzing the gene
expression levels of C-C chemokine receptor type 4 (CCR4),
CCR6 and CCR10, which were first described in 2009 by
Trifari et al (82). These cells are characterized by the secretion
of different types of effector cytokines, including IL-22, IL-13
and TNF-a (82). The abundance of Th22 cells and levels of the
IL-22 cytokine are increased and are positively correlated with
inflammatory and autoimmune disorders, such as psoriasis,
SLE and rheumatoid arthritis (83,84). A recent study revealed
that the numbers of Th22 cells and plasma levels of IL-22 in
patients with IgAN were significantly higher compared with
that in patients with non-IgA MsPGN and normal controls.
There was a positive correlation between the numbers of
Th22 cells and plasma levels IL-22 in patients with IgAN. In
addition, there was a significant positive correlation between
Th22 and Th17 cells in patients with IgAN. Moreover, the
number of Th22 cells in patients with IgAN with proteinuria
was higher compared with that in patients with IgAN without
proteinuria (62). Meanwhile, in a recent exploratory study of
the number of Th22 cells in an IgAN mouse model and the
effect of losartan and dexamethasone on Th22 cells was inves-
tigated. It was found that both drugs differentially reduced
the number of Th22 cells after 1 month, and mesangial cell
proliferation was also improved. Meanwhile, the expression of
IL-22, CCR10 and CCL27 was decreased following treatment
with either drug (85). In summary, based on the aforemen-
tioned research, similar to Th17 cells, Th22 cells and secreted
serum IL-22 levels may be exacerbating factors in patients
with IgAN. However, there is limited research on the role of
Th22 cells in the pathogenesis of IgAN, and further studies are
required to clarify the role of Th22 cells in the pathogenesis
and progression of I[gAN.

9. CD8* cells

With the assistance of CD4* T cells, CD8" T cells form part
of the adaptive immune response, functioning to effectively
clear viruses (86). The role of CD4* T cells in the progression
of IgAN has been aforementioned. Similarly, the role of CD8*
T cells in the progression of IgAN was also reported (24).
Tomino et al (87) reported that the most prominent glomer-
ular-infiltrating cell type was CD8" T cells in IgAN, and an
immunoregulatory mechanism involving CD8* T cells might
be one of the exacerbating factors in patients with IgAN.
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Sabadini er al (88) reported that the degree of interstitial CD8*
lymphocyte infiltration was correlated with the severity of
interstitial fibrosis and renal impairment. Shimamine et al (89)
reported that anti-CD8 T-lymphocyte treatment produced
a protective effect against mesangial injury in ddY mice,
an animal model of spontaneous IgAN. In another study,
20 children with IgAN who were followed for >5 years were
divided into the progressive (n=5) and non-progressive groups
(n=15). It was revealed that the number of CD8*T cells in the
glomeruli and in the interstitium was higher in the progressive
group compared with that in the non-progressive group. In
addition, glomerular a-smooth muscle actin staining, which
is associated with mesangial cell proliferation (90,91), was
more intense in the progressive group compared with that in
the non-progressive group. Moreover, urinary protein and the
degree of histological changes were also higher in the progres-
sive group compared with that in the non-progressive group.
However, among these markers, the number of glomerular
CDS8* T cells was the most marked difference between the
two groups (92). Meanwhile, a recent study revealed a greater
distribution of CX3CR1-positive cells in the interfollicular
area of tonsils in patients with IgAN compared with that in
patients with non-IgAN. CX3CR1-positive cells were also
found in the affected renal glomerulus of patients with IgAN.
In addition, the expression level of CX3CRI1 on tonsillar CD8*
cells, cytotoxic effector lymphocytes that includes natural
killer and terminally differentiated cytotoxic T cells (93,94),
which potentially express CD8 (94,95), was significantly
higher in patients with IgAN. Furthermore, in this study,
CpG-oligodeoxynucleotides enhanced the expression of CD8*
cells in patients with IgAN. The chemotactic response of
tonsillar mononuclear cells to fractalkine was significantly
higher in patients with IgAN. The expression of CX3CRI1 in
the peripheral blood CD8* cells in patients with IgAN was
significantly higher and decreased after tonsillectomy, along
with the disappearance of hematuria (24). Taken together,
the aforementioned studies suggest that CD8*T cells might
be one of the exacerbating factors in patients with IgAN. In
addition, the number of glomerular CD8* T cells may be a
sensitive predictor of disease progression in IgAN. However,
to date, there is limited research on the role of CD8* T cells in
the pathogenesis of IgAN, and further studies are required to
clarify the location of CD8* cells and pathophysiological role
of CD8" T cells in IgAN.

10. Imbalance of T cell subsets as a target for the treatment
of IgAN

In addition to their general role in I[gAN, which is associated
with the severity of renal damage and disease progression,
several studies have identified the imbalance of T cell subsets
as a target for the treatment of IgAN (96). Hyun et al (97)
reported that, in ddY mice with high levels of IgA (hyperserum
IgA; HIGA), after injecting adipose-derived stem cells (ASCs),
which were reported to prevent tissue damage through immu-
nomodulating effects (98), 24-h proteinuria was markedly
decreased in all ASC-treated groups. In addition, mesangial
proliferation and glomerulosclerosis were markedly decreased
in most ASC-treatment groups. Furthermore, the beneficial
effects of ASC treatment in IgAN occurred via paracrine
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mechanisms that modulate the Th1/Th2 cytokine balance, as
ASC therapy significantly decreased Thl cytokine activity
in the kidney and caused a shift to Th2 responses in T cells
from the spleen. In addition, conditioned media from ASCs
abrogated aggregated IgA-induced Thl cytokine production in
cultured HIGA mesangial cells. Chen et al (99) reported that,
in rats with IgAN, which were randomly divided into either
the model group, Tripterygium wilfordii glycoside (TWG)
treatment group, or the prednisone treatment group, treat-
ment with TWG and prednisone significantly reduced urine
protein levels and urine red blood cells at 24 h and reduced
IgA deposition in renal tissue. Furthermore, TWG showed
therapeutic effects in [gAN rats and may regulate the immune
balance of Th17 and Tregs as they significantly decreased the
serum levels of IL-17 and increased the number of Tregs in
the blood. Xiao et al (85) reported that, in a mouse model of
IgAN, losartan and dexamethasone differentially decreased
the number of Th22 cells after 1 month, and mesangial cell
proliferation was also improved. Meanwhile, Zhang et al (23)
reported that treatment with prednisone significantly reduced
the number of CD4*CXCRS5* and CD4*CXCR5* PD-1* TFH
cells and the serum level of IL-21, but the treatment increased
IL-4 and IL-10 in patients with IgAN. Furthermore, in another
study it was revealed that, after CD4*CD25* T cells were
injected into the IgAN rat model, levels of urine protein and
red blood cells were improved. Moreover, renal pathological
examination revealed that renal tissue was improved (77).
Currently, patients with IgAN are typically treated with
corticosteroids and other immunosuppressants clinically.
Based on the aforementioned research, it is possible that the
immunosuppressants have therapeutic effects on IgAN by
regulating the imbalance of T cell subsets. Notably, Tregs may
be used for immunotherapy in IgAN by suppressing exuberant
immune system activation and promoting immunological
tolerance. Adoptive transfer of autologous or donor-derived
Tregs represents a promising immunotherapeutic strategy for
IgAN (80,37). Overall, statistical evidence for the involvement
of the imbalance of T cell subsets as a target for the treatment
with IgAN is speculative, rather than concrete. Further
validation studies in this area are required.

11. Future perspectives

Over the past decade, evidence has emerged that cellular
immunity plays important roles in the pathogenesis of IgAN.
Notably, the identification of specific T cells and cell cyto-
kines involved in the pathogenesis and progression of IgAN
highlights the imbalance of T cell subsets as new therapeutic
targets and biomarkers for the treatment and monitoring of
the disease. Currently, corticosteroids and other immunosup-
pressants have shown therapeutic effects on [gAN, possibly by
regulating the imbalance of T cell subsets. Furthermore, Tregs
may be used for immunotherapy of IgAN by adoptive transfer
of CD4*CD25* cells. However, the potential application
of T cellular immunity quantification to the clinical care of
patients with IgAN remains in the early stages of development,
with available evidence limited to small-scale studies.
Regarding the clinically feasible imbalance of T cell
subsets as new therapeutic targets and biomarkers for the
treatment and monitoring of disease to succeed, further

studies are urgently required in numerous areas. Notably,
the diagnostic role of specific T cells and cell cytokine levels
have not been confirmed in studies of adequate sample size,
different patient populations and in patients with other forms
of glomerulonephritis and CKD as controls. As a tool for risk
stratification and disease monitoring, the relationship between
all T cell subsets and the degree of histological damage has
not been investigated, and data on the association between
different T cell subsets and the rate of decline in renal function
are limited. No research groups have studied the association
between specific T cells, cell cytokine levels and ‘hard’ renal
end points (such as end-stage renal disease and doubling of
serum creatinine). In addition, no data exist on the possible role
of the serial monitoring of specific T cells, cell cytokine levels
and the association between these T cell subsets and disease
changes at different stages. Nonetheless, the investigation of
specific T cells and cell cytokine levels on disease progres-
sion, particularly in the early phase, should be investigated
further to validate its role in risk stratification and monitoring
of patients with [gAN.

12. Conclusions

Although a limited number of studies exist, T cell subsets have
been identified as potentially relevant to the pathogenesis of
IgAN. All of the studies discussed in the present review have
shed light on the pathogenesis of IgAN, nevertheless they all
share similar methodological deficiencies. Specifically, all
have small sample sizes, and their results have undergone
limited adjustment for multiple testing or potential clinical
confounding factors. A number of the studies did not have
proper disease controls to determine whether the findings are
specific for IgAN or are generic markers of kidney damage. In
addition, no data exist on all T cell subsets, comparisons of all
T cell subsets involved in the pathogenesis and progression of
IgAN, and serial monitoring of these T cell subset changes at
different stages of IgAN. Further validation studies, preferably
in different stages of the disease and using several different
populations of patients, are required before advancements can
be made and the therapeutic implication of these T-cell subsets
can be used. In a word, the imbalance of T cell differentiation
leads to abnormal proliferation of B lymphocytes, which leads
to more secretion of Gd-IgA1 and ultimately to the occurrence
of IgA nephropathy.
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