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Abstract

The precise pathogenesis of immunoglobulin A nephropathy (IgAN) is still not clearly established but emerging evidence confirms a
pivotal role for mucosal immunity. This review focuses on the key role of mucosa-associated lymphoid tissue (MALT) in promoting
the onset of the disease, underlying the relationship among microbiota, genetic factors, food antigen, infections, and mucosal immune
response. Finally, we evaluate potential therapies targeting microbes and mucosa hyperresponsiveness in IgAN patients.
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Introduction

IgAN is the commonest primary glomerulonephritis (GN)
worldwide, which determines the end-stage kidney disease
(ESKD) in 20-40% of cases [1]. The connection between
IgAN and the mucosal-associated immune system has been
contemplated shortly after the discovery of this glomerular
disease [2] because IgA, which is the predominant class of
immunoglobulins in renal deposits, is mostly produced by
mucosa-associated lymphoid tissue (MALT) and is prevalent
in mucosal secretions. This hypothesis has been further sup-
ported by the clinical characteristic of IgAN, the presentation
with macroscopic hematuria simultaneous with upper respira-
tory tract, or other mucosal infections [3, 4].

IgAN is assumed to be due to glomerular deposition of
hypogalactosylated IgA1 (Gd-IgA1). The formation of autoan-
tibodies IgG or IgA directed versus Gd-IgA1 is caused by the
synthesis of polymeric Gd-IgA1 (first step), and it is followed
by the circulation of immune complexes (IgA-CIC). Moreover,
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the IgA1 can bind to the IgA Fc receptor (CD89/FcxRI),
expressed by myeloid cells, inducing the release of soluble
CD89 and creating IgA-sCD89 immunocomplexes [5]. These
may accumulate in the mesangium, stimulating the production
of cytokines and chemokines, the promotion of inflammation,
and finally determining a renal injury of IgAN [6].

The direct or indirect implication of mucosal immunity in
the development and progression of the disease has been ex-
plored over the last decades by a multitude of studies, each
providing a tile to a complex network which is however only
partially identified. The insights into this area are particularly
valuable not only for the understanding of the pathogenetic
events operating in IgAN but most of all for the perspective to
new targeted therapeutic approaches.

Immunoglobulin A nephropathy
Immunoglobulin A and IgA nephropathy

The pathogenetic key factor in IgAN is deregulated glycosyl-
ation of IgA molecule, which particularly affects the highly
glycosylated IgA1 subclass. IgAl presents with the unique
insertion of six short O-linked oligosaccharide chains, made
by a core of N-acetyl galactosamine (GalNAc) with (31,3-
linked galactose (Gal). The addition of galactose to these
GalNAc residues is catalyzed by the core 1 synthase,
glycoprotein-N-acetyl galactosamine 3-beta-
galactosyltransferase, 1 (also known as C1GalT1), which re-
quires the specific chaperone Cosmc (core 1 33GalT specific
molecular chaperone). The galactose and/or the GalNAc
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residues may be sialylated, respectively, with « 2, 3-linked
and « 2, 6-linked sialic acid. In IgAN patients, some
GalNACc residues could be early sialylated, preventing the ad-
dition of the galactose [7].

The Gd-IgAl molecule can self-aggregate or form IgA-
CIC with autoreacting IgG antibodies [8, 9].

Notably, IgA in general and Gd-IgA1l in particular have
innate-like recognition properties via sugar-mediated lectin
binding including binding to alternative and lectin comple-
ment pathway components and to fibronectin, laminin, and
collagen which may favor the attraction and binding of Gd-
IgAl to the mesangial matrix and local complement activa-
tion. IgA1 in glomerular deposits of subjects with IgAN is
polymeric, hence as detailed below of mucosal origin. The
formation of polymeric hypogalactosylated IgA1 is the first
stage in the “multi-hit pathogenesis” of IgAN, and these are
produced after mucosal antigenic challenge [5, 10-12] (Fig. 1)
and Table 1.

The mucosal origin of hypogalactosylated IgA1 in
IgAN

IgA is the typical product of MALT. About half of the all
lymphocytes are situated at the MALT along the mucosal
surfaces which form a selectively permeable barrier in contact
with the microbiota [13]. The major function of MALT is the
defense against environmental microbes and induction of
immunotolerance [14, 15]. MALT is represented in various
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body areas. The gut-associated lymphoid tissue (GALT) and
the nasopharynx-associated lymphoid tissue (NALT) are con-
sidered to be implicated in IgAN pathogenesis and
progression.

From a quantitative point of view, GALT covers a surface
of 230-300 m” throughout the intestine and is one of the
largest lymphoid organs. It involves both isolated and grouped
lymphoid follicles, Peyer’s patches (PPs), mostly found in the
small intestine, mainly in the distal jejunum and the ileum
[16]. The follicle-associated epithelium (FAE) surrounds the
lymphoid follicles and separates the GALT from the luminal
environment. In the FAE are located specialized cells, the so-
called M cells, responsible for the uptake of luminal food or
environmental antigens. These antigens may reach the under-
lying immune cells, causing an activation or inhibition of the
immune response [17].

The NALT is collectively called Waldeyer’s tonsillar
ring, of which palatine and pharyngeal tonsils are the
major components. The oral-nasal cavity, as the initial
portion of the upper respiratory tract, protects from the
intrusion of pathogenic microbes into the mouth and has
an important function as an immune organ, part of the
MALT, like PPs in the small gut. The B cell-dominant
lymphocytes and myeloid cells are the commonest im-
mune cells expressed in the tonsil. The surface epitheli-
um follows the contours of the follicles and prolongs
deeply into the tonsils to form crypts, highly increasing
surface area (up to six times).
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Fig. 1 The formation of Gd-IgA1 is the initial hit in the pathogenesis of
IgAN; indeed, it can take action as an autoantigen leading to the synthesis
of autoantibodies (IgG-IgA: second hit). The creation of
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immunocomplexes (ICs) and the deposition of these in the kidney have
been described to provoke cellular proliferation and inflammation,
leading to kidney damage (third and fourth hits) [6, 7]
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Table 1

New prospective therapy targeting the gut-mucosal immune system
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In the deepest part of the crypt, a lymphoepithelial symbi-
osis is created between the epithelium and the tonsil paren-
chyma. Here, there is an overexpression of antigen-presenting
cells, such as M cells and dendritic cells, as well as memory B
cells. Activated B cells differentiate into immunoblasts and
produce antibodies by somatic hypermutation [18, 19].

MALT includes effector and inductive sites. PPs of the
small intestine and tonsils are the most common inductive
sites, where antigens prime naive B cells through T cell-
dependent and T cell-independent mechanisms [20]. T cell-
independent pathway is stimulated by epithelial, dendritic,
and stromal cells through the generation of some interleukins
(like IL-6 and IL-10), transforming growth factor (TGF-f3), B
cell activating factor (BAFF or BLyS), and a proliferative
inducing ligand (APRIL). In particular, BAFF and APRIL
may bind the TNF receptor homolog transmembrane activator
(TACI), stimulating the promotion of B cell differentiation
and proliferation. Activated B cells translocate to regional
lymph nodes via efferent lymphatics and systemic circulation,
reaching the mucosal inductive sites, where they become ef-
fector cells [21]. Effector sites are present in all mucosa. In the
T cell-dependent pathway, the B cell class switching happens
after the antigen-specific T-cell activation. In PPs, IgA-
secreting plasma cells generated from IgA+ plasmablasts
start to produce dimeric IgA, formed by two IgA mole-
cules linked by a joining chain [22]. The transcytosis of
IgA dimers is mediated by binding to an epithelial glyco-
protein, the polymeric Ig receptor (pIgR), expressed on
the basolateral surface of the gut epithelium; IgA dimers
cross the intestinal epithelial barrier and reach the apical
surface, which, following the proteolytic cleavage of
pIgR, are released into the lumen as secretory IgA.
Innate immunity mechanisms operate in recognition of
pathogens, particularly the stimulation of Toll-like recep-
tors (TLRs), which promote the secretion of BAFF and
enhance the B cell expression of histocompatibility com-
plex class II molecules on B cells, promoting IgA produc-
tion. Constant stimulation of TLRs may favor increased
synthesis of Gd-IgA1l in prone subjects [23].

While in secretions polymeric IgA variants predominate,
with equal representation of IgA1 and IgA2 subclasses, most
IgA in circulation are produced in the bone marrow in mono-
meric IgA1 form. Polymeric IgA is prevalent in renal deposits
of [gAN, and these IgA variants are increased in serum in 35—
50% of patients with IgAN. Although these discoveries indi-
cate a mucosal origin of the pathogenetic IgA in this disease,
the predominance in deposits of IgA1 subclass, typical of
bone marrow origin, remains unclear.

One intriguing hypothesis is that some mucosal IgA-
secreting plasma cells could get lost during the migration from
their mucosal induction sites to the bone marrow, possibly due
to inappropriate expression of their surface homing receptors
or, alternatively, faulty expression of mucosal homing
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counter-receptors on vascular endothelium, but its mechanism
remains uncertain [24-26].

The tonsil-kidney axis in IgAN
Pathophysiology

The development of macroscopic hematuria in coincidence or
shortly following an upper respiratory infection episode—the
synpharyngitic hematuria—is a process still unclear at the
glomerular level. The exact physio-pathological events lead-
ing to abrupt passage of a massive amount of red blood cells
through the delicate glomerular structures without clear evi-
dence of patent breaks are unknown [27]. However, there are
no doubts to the hypothesis of the involvement of tonsillar
NALT stimulation by microbes leading to a sharp increased
production of IgA1 [28].

The first investigation on the relationship between IgAN
and tonsils was performed by Tomino in 1983 [29]. This study
reported a specific binding of IgA eluted from kidney samples
of IgAN patients to tonsillar cells, suggesting a tonsillar origin
of deposited IgA. Under microbe trigger, B cells can be stim-
ulated, differentiated, and proliferated in germinal centers of
tonsils, leading to polymeric IgA synthesis. Patients with
IgAN have high levels of IgA-producing plasma cells in the
tonsils, higher than controls, and even higher than subjects
with recurrent tonsillitis [30]. These plasma cells originate
from memory cells, with sustained production of IgA antibod-
ies over the long term, and may migrate to the bone marrow
and synthesize and release Gd-IgA in circulation.

Several studies have been devoted to investigating a role of
specific microbes stimulating the NALT in patients with IgAN.
Most pathogens can induce, in some exposed animals, IgA
mesangial deposits which do not persist for long and do not cause
hematuria and/or proteinuria [23, 31]. However, stable IgA de-
posits and urinary abnormalities were caused in mice, with a
defective mucosal tolerance, by intranasal administration follow-
ed by systemic challenge of the respiratory Sendai virus [32, 33].

The Hemophilus parainfluenzae, commonly present in the
oral cavity, is stimulated in cultured mononuclear cells from
tonsils the synthesis of IgA [34]. A microbiome study found a
similarity in tonsillar microbes between IgAN patients and sub-
jects with frequent tonsillitis [35] particularly for Prevotella,
Fusobacterium, Sphingomonas, and Treponema spp. These mi-
crobes were highly represented and supposed to have a role in the
pathogenesis of IgAN. A recent tonsillar microbiota analysis
showed differences between patients with IgAN and both healthy
(HC) and disease controls. The amounts of Rahnella,
Ruminococcus_g2, and Clostridium_g21 were substantially
higher in IgAN patients than in HC [36]. However, other
microbiome studies detected comparable bacterial flora in tonsil-
lar crypts of patients and controls, indicating that the host reaction
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to these bacteria might be central in the development of IgAN
more than a specific microbe challenge, possibly regulated by a
genetic predisposition.

Recent data have showed a peculiar activation of TLRY,
which identifies unmethylated DNA sequences in bacterial
and viral DNA CpG-ODN, in the tonsils of patients with
IgAN. TLRO expression was linked with the disease activity
and clinical course after tonsil removal surgery [37].
Moreover, the TLR9 genotype was correlated with histologic
severity of IgAN. In peripheral mononuclear cells from
tonsillectomized IgAN, due to tonsil focal repeated infections,
an increased expression of TLROImRNA was also observed
[38]. The expression of APRIL is increased from TLR9 ligand
CpG-ODN, and it is associated with the production of
nephritogenic IgA. NALT-activated B cells can pass from
inductive mucosal sites to systemic effector sites, comprising
bone marrow, through adhesion molecules and chemokine/
chemokine receptors. Human B cells infected with Epstein-
Barr virus (EBV) secrete Gd-IgAl. It has recently been hy-
pothesized that EBV-infected IgA+ cells may be the source of
Gd-IgA1 which have homing receptors for targeting the upper
respiratory tract. Moreover, the temporal sequence of racial-
specific differences in Epstein-Barr virus infection may be
supposed to explain the racial disparity in the prevalence of
IgAN [39].

Effects of tonsillectomy

Several data support an association between NALT and IgAN.
From a genetic background, it is of interest that the variant
rs2412971, intronic in HOMARD?2, was found to be linked
with tonsillectomy in the general population and to increased
risk of IgAN [40]. Tonsillectomy decreased serum and sali-
vary IgA, particularly in children [41]. However, other results
have been conflicting [42, 43]. Coppo’s group investigated a
subgroup of patients with IgAN in the European VALIGA
study who underwent tonsillectomy due to recurrent tonsillitis
[44, 45]. The study reported that tonsillectomy did not affect
the stimulation of innate immunity through TLRs and
ubiquitin-proteasome pathways and the pro-oxidative milieu,
even though the levels of Gd-IgAl were lower in
tonsillectomized patients with I[gAN. The remaining stimula-
tion of innate immunity in patients without tonsils was sug-
gestive of an extra-tonsillar MALT activation in IgAN [38].

In several cases, tonsillar mucosal immunity has a role in
the first manifestation of the disease with an evident link be-
tween upper respiratory tract infection and macroscopic he-
maturia. It is harder to prove its responsibility in the evolution
of IgAN; indeed, the reduction of kidney function is not so
closely affected by tonsillectomy as it should be estimated
following this thesis [43].

In Japanese subjects, the advantage of tonsil removal sur-
gery, primarily asserted as an independent factor for

progression of IgAN to ESKD [42], has been recently con-
firmed typically together with steroids, which are likely to
have the major curative aspect [46].

However, recent KDIGO-reviewed guidelines (to be pub-
lished in 2021) consider different benefits of tonsillectomy in
different ethnicities. Hence, these line guides recommend that
tonsillectomy should not be performed as a treatment for
IgAN in Caucasian patients, with the exception of cases with
recurrent tonsillitis. In Japanese patients, several cohort stud-
ies including a large retrospective study with propensity
matching analysis reported improved kidney survival follow-
ing tonsillectomy [47]. A single RCT comparing tonsillecto-
my and corticosteroids pulses versus corticosteroid pulses
alone failed to show beneficial effect in the attenuation of
hematuria or incidence of clinical remission at 1 year.

This led to the conclusion that in many patients with IgAN,
particularly Caucasians, tonsillectomy does not show to influ-
ence the remission or a better outcome of the disease. A mar-
ginal beneficial effect in Japanese ethnicity may be
considered.

The gut-kidney axis in IgAN: two faces
of the same coin

The gut-kidney axis in IgAN: between genes and
environment

The function of the microbiota and mucosal immunity in the
development of IgAN rests central [48], although searching
for specific mucosal microorganisms promoting IgA synthesis
has been inexhaustible [23]. Advancement in the field of
knowledge on the role played by gut microbiota exposure in
patients susceptible to developing IgAN was proposed by
genome-wide association studies (GWAS) [49]. GWAS are
methods that provide a complete analysis of the total genome
in order to identify genetic regions (loci) associated at risk of
developing the disease [50]. The most important milestone in
IgAN GWAS studies belongs to the Gharavi group [49]. In
this study, the authors identified a relationship between the
genetic probability to develop IgAN and climatic, pathogenic
load, and dietary elements; nevertheless, the strongest positive
correlation was showed between the local pathogen diversity
(including viruses, bacteria, protozoa, and helminths) and the
score of genetic risk for IgAN. The increased prevalence of
IgAN in some regions might be the effect of a defensive ad-
aptation from gut worm mucosal invasion. On the other hand,
IgAN susceptibility loci were related with the predisposition
to inflammatory bowel diseases (IBD), with the proteins im-
plicated in the protection of the gut integrity and in the control
of the mucosal immune response of the gut environment. In
particular, these genetic risk alleles significantly impact the
age at onset of the disease. The conclusion was that the
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striking association between genetics and environmental ele-
ments could induce the functional changes into the gut muco-
sal immune system favoring the onset of the disease.

The gut-kidney axis in IgAN: a “microbiotic” view on
IgAN

The intestinal microbiota and its metabolites (the metabo-
lome) have been indicated to have a key role on immune
balance [51]. It has been assessed that the human gastrointes-
tinal system comprises up to 10'* bacteria with a biomass of 2
kg. These gut microbiota are in contact with MALT and are
involved in maintaining the intestinal permeability and the
immune system [52]. The gut microbiota is known to be im-
plicated in the host innate and adaptive immune system; mu-
tually, the composition of the gut flora depends on intestinal
immune system that defends against pathogens through the
production of IgA. In particular, numerous studies indicate
that the microbial infections stimulate the differentiation of
B-cells into IgA-secreting plasma cells, through T cell—-
independent or T cell-dependent pathways [53, 54].
However, the precise correlation between Gd-IgA and gut
microbiota in patients with IgAN is uncertain.

It has been theorized that the release of intestinal
microbiome products, such as lipopolysaccharide (LPS) and
lipoteichoic acid, may activate GALT through TLR pathways.
Indeed, LPS is a ligand for TLR4; lipoteichoic acid, for TLR2
[55]. Microbiota signal via TLRs may modulate gut microbe
challenge, mucosal injury, and repair [56]. Modifications in
intestinal barrier, with increased intestinal permeability docu-
mented in patients with IgAN [57, 58], may facilitate LPS
absorption and blood circulation. Bacterial LPS stimulates
the activation of TLR4 in cultured peripheral B cells causing
a methylation of Cosmc, leading to the defective
galactosylation of IgA1 [59]. The TLR4 and the membrane
CD14 (the receptor for complexes of LPS and LPS binding
protein) are the main elements implicated in cellular LPS sig-
naling, and CD14/-159 polymorphism was found to be corre-
lated with progressive incidents of IgAN [60]. Coppo’s group
reported that children and adults with IgAN and IgA vasculitis
[61, 62] had greater levels of TRL4 mRNA in peripheral
blood lymphomononuclear cells, which was associated with
the activation of mucosal immunity and clinical signs. These
observations suggest that raised gut permeability to intestinal
microbes’ triggers, through activation of TLR4, may modulate
the immune response in IgAN.

The interaction between MALT and gut flora, in the pro-
motion of experimental IgAN, was showed in a transgenic
mouse model overexpressing BAFF [20]. These mice with
B cell hyperplasia show an increase in all Ig classes including
IgA [63]. The overexpression of BAFF in this animal model is
correlated with high expression of polymeric
hypogalactosylated IgA and IgA renal deposits. The
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development of the disease was dependent on the microbiota,
leading to the theory that an overexpression of BAFF signal-
ing modifies the normal equilibrium with the commensal flora
and alters the systemic immune response.

Gesualdo et al. conducted the first human study that
showed a correlation between gut dysbiosis and IgAN [64].
In this cross-sectional study, they investigated the fecal micro-
biota, and the fecal and urinary metabolome of non-progressor
(NP) and progressor (P) IgAN patients. Patients with progres-
sive disease showed the lowest microbial diversity compared
to NP and HC. At genera/species levels, Ruminococcaceae,
Lachnospiraceae, Eubacteriaceae, and Streptococcaeae
raised in the stool samples of NP and P patients result in an
increase of Firmicutes, while HC showed higher abundance of
Clostridium, Enterococcus, and Lactobacillus genera.
Compared with HC, Bifidobacterium species decreased in
the fecal samples of NP and P, while Sutterellaceae and
Enterobacteriaceae species showed an opposite trend.
Along the same lines, Sun et al. [65] have suggested the pro-
spective role of intestinal microbiota as a specific biomarker
and an actor in the diagnosis and pathogenesis of IgAN.
Indeed, the authors demonstrated a substantial difference in
the gut microbiota not only between IgAN patients and HC
but also between IgAN patients and patients with membra-
nous nephropathy (MN). The abundance of Escherichia-
Shigella, consistent with the previous study, and
Defluviitaleaceae_incertae_sedis were higher in IgAN than
those in HC, while lower levels were found for Roseburia,
Lachnospiraceae_unclassified, Clostridium_sensu_stricto_1,
Haemophilus, and Fusobacterium. Moreover, in IgAN pa-
tients, the level of Megasphaera and Bilophila was higher,
whereas that of Megamonas, Veillonella, Klebsiella, and
Streptococcus was lower compared with those with MN. In
addition, the authors correlated the microbiota with the clini-
cal factors. The analysis demonstrated that in IgAN patients,
Prevotella was positively correlated with the level of serum
albumin, while Klebsiella, Citrobacter, and Fusobacterium
were negatively correlated. Moreover, a positive correlation
was showed between Bilophila and the presence of kidney
crescents in the Oxford classification of I[gAN.

Another step toward understanding the tight link between
microbiota and IgAN is represented by one of the latest papers
of Gesualdo’s group [54]. They showed that the modification
of mucosal immunity, due to a change of the gut flora, has a
key role in the development of the disease. Indeed, they found
that IgAN patients had increased serum levels of BAFF and
that it was positively correlated with amounts of five specific
microbiota metabolites (4-(1,1,3,3-tetramethylbutyl) phenol,
p-tert-butyl-phenol, methyl neopentyl phthalic acid,
hexadecyl ester benzoic acid, and furanone A). Phenol exerts
a toxic effect against the gut lumen; indeed, it is able to reduce
barrier function, and to increase gut permeability [66], leading
to mucosal hyper-responsivity. They also showed that [gAN
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patients have a higher level of circulating gut-homing
(CCR9+ (7 integrin+) regulatory B cells, memory B cells,
and IgA+ memory B cells compared with HC that predisposes
to an atypical synthesis of Gd-IgA.

The close connection between microbiota and IgAN opens
up a new field of therapeutic strategies in the gut microbiota
manipulation, such as the use of dietary interventions, or an-
tibiotics, prebiotics, and probiotics, or through fecal microbi-
ota transplantation (FMT).

New prospective therapy targeting
the gut-mucosal immune system

Food antigens

Increased gut permeability has been described in subjects with
IgAN [58] and high levels of IgA anti-alimentary antigens
were found in circulation [67]. Case reports of association
between celiac disease (CD) and IgAN suggested a potential
role for gluten [68]. In CD, an autoimmune inflammatory
disease, gluten ingestion elicits zonulin overexpression,
followed by tight junction disassembly and increased intesti-
nal permeability. Gliadin can cross the gut barrier due to leaky
gut and/or retro transcytosis of secretory IgA via transferrin
receptor 1 (TfR1/CD71) and transglutaminase 2 (TG2). It
elicits the B cell response and, consequently, the synthesis of
antigliadin and TG2 antibodies. IgA-CIC containing gliadin
can be deposited in the mesangium via TfR1 and TG2 [69].

This association was recently confirmed in 223 IgAN pa-
tients that showed a raised risk of CD (4% vs 0.5-1%) in the
absence of celiac-type HLA DQ2-DQS8 [70]. On the other
hand, in 27,160 patients with CD, an increased probability
of IgAN (0.026% vs 0.008%, HR 3.03; CI 1.22-7.56) was
demonstrated [71].

In a pioneering study, Coppo et al. examined BALB/c mice
fed with gluten-free diet from birth for the effects of gluten and its
lectin fraction gliadin [72]. Greater IgA deposits were found in
mice fed with a gluten-rich diet compared to mice maintained on
gluten-free diet. Serum and renal deposition of anti-gliadin anti-
bodies was detected in mice on gluten-rich diet, suggesting a
gluten-induced experimental I[gAN. Recently, in a transgenic an-
imal model in which the expression of both human IgAl and
human CD89 (x1KI-CD89TG) was induced, a gluten-free diet
for three generations, to produce gluten sensitivity, lowered renal
human IgA1 deposition, glomerular inflammation, and then
TfR1 and TG2 expression, as well as hematuria. Lack of IgA1-
sCD89 CIC in serum and renal eluates was found in mice on a
gluten-free diet, while a gluten diet exacerbated gut IgA1 secre-
tion, inflammation, and damage, and was associated with in-
creased serum IgA1 anti-gliadin antibodies, and with the devel-
opment of proteinuria. Likewise, early administration of gluten-
free diet to transgenic mice prevented renal IgA1 deposition and

hematuria. A rise in IgA1-sCD89 CIC, IgAl renal deposition,
and in IgAl anti-gliadin antibodies was showed after a new
challenge with gluten diet for 30 days, associated to gut damage
(inflammation and villous atrophy). Therefore, the interaction
between the gliadin and CD89 may be the cause of an exacerba-
tion of I[gAN through the generation of IgA 1-sCD89 CIC and a
stimulation of mucosal immune response [73-75].

The effect of a gluten-free diet reported in the elegant ex-
perimental model of IgAN in double transgenic mice is similar
to what Coppo et al. reported several years ago in pilot studies
conducted on patients with IgAN [76]. Gluten-free for two
periods of 1 month and 6 months in patients with IgAN neg-
ative for a subclinical celiac disease was related with a signif-
icant reduction in IgA containing immune complexes, with
rebounds after intervals of 1 and 3 months of gluten-free diet.
A gluten-free diet can lower the serum concentration of IgA
directed against alimentary components ([3-lactoglobulin, ca-
sein, ovalbumin), thus interrupting a gluten-dependent high
gut permeability. In a pilot study on IgAN patients with no
sign of CD, a reduction of proteinuria and hematuria was
noticed, and no decline of kidney function was found over a
period of 4 years [77, 78]. All patients had no intestinal symp-
toms before or after a gluten-free diet.

Recently, gluten sensitivity in patients affected by IgAN
attracted new attention, after the discovery of a key role of gluten
in inducing the production of high abundance of IgA anti-gliadin
and mucosal reactivity [79, 80]. A rectal mucosal patch with
gliadin induced in 30% of patients with [gAN higher production
of nitric oxide and of myeloperoxidase as well as increasing IgA
anti gliadin and several alimentary components.

A gluten-free diet is commonly adopted for CD, but inter-
est has been recently devoted to a gluten-free diet in non-
celiac wheat sensitivity (NCWS), a non-allergic and non-
immune disorder with gut and extra-gut symptoms that re-
solve after a gluten-free diet [81, 82]. The prevalence of
NCWS is 3—6% of the general population. The diagnosis of
NCWS is made on the benefits from a gluten-free diet for 6
weeks and recurrence after 2 weeks on a gluten-containing
diet. These subjects have no association with HLA DQ8-
HLA DQ2 (celiac haplotype). It is of interest to note that a
gluten-free diet is under study in some registered RCTs on
diseases that do not present with NCWS, including type 1
diabetes and schizophrenia. A RCT is just completed and
results are expected about microbiome composition changes
on a 4-week gluten-free diet challenge. No RCT adopting a
gluten-free diet in IgAN is registered.

Probiotics
The use of probiotics has been found to have anti-
inflammatory and anti-oxidative effects, and it is able to mod-

ify the intestinal microbiota; moreover, it has been efficient in
preventing enteric infections and inflammatory and malignant
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diseases [83]. In nephrological context, the consumption of
probiotics, prebiotics, or symbiotics could play a central role
on kidney health [84]. In chronic kidney disease (CKD)
probiotics may improve the barrier function leading to a re-
duction of uremic toxins, blood urea nitrogen, oxidative stress,
and markers of inflammation [85].

The dietary programs with a high prebiotic load have been
successfully used to modulate the microbiota and could be a
new and low-risk restorative approach in the management of
IgAN. On these bases, the consistency of this “proof of con-
cept” was described by Soylu et al. The authors proved that
the administration of Saccharomyces boulardii, a gram-
positive yeast with probiotic properties used in diarrhea treat-
ment, successfully decreased systemic IgA production, induc-
ing protection against the disease in [gAN mice. The probable
mechanisms underlying these results include the decrease of
gut inflammation, via modulation of the T cell, inhibition of
pathogens, hindering the adherence of the pathogens to the
intestinal mucosa, inhibition of the microbial toxins, produc-
tion of IgA, and trophic effects on gut wall [86].

Antibiotics

Another approach in manipulating the gut microbiota is rep-
resented by the use of antibiotics. In this scenario, a new study
conducted by Monteiro et al. [87] revealed that, in a human-
ized mouse model of IgAN, the use of broad-spectrum antibi-
otics (vancomycin/amoxicillin/neomycin/metronidazole)
could abolish mesangial IgA1 deposits and proteinuria; more-
over, it can also affect the concentration of higA1-mlIgG
immunocomplexes in the circulatory system. However, given
the risk of collateral effects of antibiotic therapy, such as
Clostridium difficile infections and antibiotic resistance, it
should be used with caution [88].

To date, new potential therapeutic strategies have been
emerging. Therefore, considering the role of the intestinal mi-
crobiota in the IgAN, scientists have created programmed in-
hibitor cells (PICs) that exert the antibacterial activity against
selective and specified species or strains of bacteria. The PICs
express surface-displayed nanobodies that mediate antigen-
specific cell-cell adhesion to overcome the barrier to T6SS
(type VI secretion system) activity in liquid medium. This
kind of intervention has been suggested to not be associated
with damage to complex microbial communities, with rare
resistance [89]. However, although some researches have
been conducted, further study about these topics is still needed
for medical application.

Fecal microbiota transplantation
Excepting the use of prebiotics and antibiotics, numerous new

weapons for restoring the gut microbiota, such as FMT, have
begun to be developed.

@ Springer

More specifically, this approach is indicated as the most
successful treatment in patients with Clostridium difficile in-
fection and it is a fecal transfer from a selected healthy subject
to the recipient’s gastrointestinal tract experiencing microbial
dysbiosis [90].

Currently, there are no strong data confirming the utiliza-
tion of the FMT in IgAN; it is proven that, in patients suffering
from CKD, FMT through a positive action on intestinal mi-
crobiota diversity limits the increase of uremic toxins released
from the gut cresol pathway [91].

Promising clinical trials are aiming at disclosing whether
this option may have a role in the treatment of IgAN. In fact,
an interventional study (clinical trial NCT03633864) is cur-
rently being conducted and intends to define the security and
efficiency of FMT in IgAN subjects resistant to the standard
therapy.

Enteric budesonide

IgAN represents the commonest glomerular disease, found on
kidney biopsy, in patients with IBD, supporting a close asso-
ciation between the immune mechanisms subtending IBD and
IgAN [92].

A recently published study, conducted on a Swedish pop-
ulation, compared 3963 cases of patients with IgAN and
20,000 matched controls [93]. During a median follow-up of
13 years, IBD developed in 4.95% patients with [gAN versus
1.65% matched. The diagnosis of IBD was more common
before a confirmed IgAN diagnosis; also IgAN patients had
an increased risk to develop IBD compared with controls.
Moreover, both logistic regression and time-varying Cox re-
gression demonstrated that IBD elevates the ESKD risk in
patients with IgAN.

This correlation suggested the possible benefits of
budesonide, a drug used mainly in IBD that targets the intes-
tinal immunity and local inflammation in the gut mucosa and
in PPs [94, 95]. To this end, the ileum targeting-release for-
mulation of the glucocorticosteroid budesonide (TRF
budesonide; Nefecon™) is an emerging class of immunosup-
pressants created to deliver the drug to the upper ileum (where
PPs are mostly represented) and acts on the local immune
hyperresponsiveness, reducing the systemic adverse effects
(only 10% reaches systemic circulation).

In a preliminary study, conducted on sixteen IgA patients,
8 mg/day of budesonide was given for 6 months, followed by
a 3-month follow-up period; enteric budesonide was able to
reduce the urine albumin excretion as well as, albeit slightly,
the serum creatine [96].

In a phase 2b trial NEFIGAN a randomized, double-bind,
placebo-controlled study), two Nefecon regimens (8 mg/day
and 16 mg/day) were tested on 149 IgAN patients. At 9
months, TRF-budesonide was associated with significant re-
duction of urine protein creatinine ratio (uPCR): —27.3% in 48
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patients who received 16 mg/day and —21.5% in the 51 pa-
tients who received 8 mg/day (—24.4% from baseline in the
two Nefecon groups combined) versus an increase of 2.7% in
the placebo arm [95, 97].

However, the phase 2 study enrolled a limited number of
subjects, followed for a relatively short time and randomized
to be almost exclusively Caucasian; thus, the generalizability
of the findings to other ethnicities has to be confirmed.
Meanwhile, a phase 3 multicenter, randomized, double-blind,
placebo-controlled study (NEFIGARD trial: NCT 03643965)
is currently underway, and it aims to evaluate the safety and
efficacy of TRF-budesonide (at a dose of 16 mg/day) com-
pared with placebo in patients with a histological diagnosis of
primary IgAN on a background of optimized RAS inhibitor
therapy.

Hydroxychloroquine

Another interesting therapeutic weapon targeting the MALT
is the hydroxychloroquine (HCQ) that can have a beneficial
effect on IgAN patients.

Indeed, the HCQ, inhibiting the mucosal and intrarenal
TLRs signaling, is able to reduce the cytokine and chemokine
production as well as to suppress the presentation of
autoantigens, thus exercising immunomodulatory and anti-
inflammatory actions [98, 99].

The first phase 2, double-blind, randomized, placebo con-
trolled clinical trial has newly been published [100]. The study
performed by Liu et al. tested oral HCQ in IgAN patients
receiving maximal supportive treatment, including RAAS in-
hibitor therapy and blood pressure control. A significant de-
crease in proteinuria (48.4%) was showed in the HCQ group
compared to a 10% increase in the placebo group without
differences in the percentage of change of eGFR after only 6
months of follow-up [99, 101].

Emerging therapies

Currently, there are some ongoing trials that are testing some
emerging drugs able to interfere with the T cell-independent
pathway and endothelin receptor. More specifically, atacicept
(a dual BAFF/APRIL inhibitor) reduces the serum levels of
IgA in patients blocking the activation of TACI, while
blisibimod is a BAFF antagonist; both are under evaluation
in separate phase II studies in patients with IgAN (Clinical
Trial nos. NCT02808429 and NCT02062684). Likewise,
VIS649, a humanized anti-APRIL antibody, was also de-
scribed to reduce the IgA serum levels in non-human primates
[102].

Moreover, B cell depletion therapy (e.g., bortezomib, ritux-
imab, and obinutuzumab) aims to control the autoimmune
response and could be a possible choice for future therapy;

indeed, some researchers already included it in alternative
weapons (NCT02571842) [103, 104].

Finally, the use of sparsentan (a dual blocker of angiotensin
I and endothelin 1 receptors) to decrease proteinuria and sta-
bilize eGFR is ongoing in a phase III trial.

Conclusions

Mucosal immunity has a key role in the pathogenesis of [gAN
by multiple mechanisms, mostly active at the gut-kidney axis.
Genetic, environment, and dietary elements are able to coop-
erate in causing functional changes of the gut mucosal im-
mune system promoting the development and progression of
the disease. Innovative therapeutic approaches may have a
future impact on the treatment of this disease.
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