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Abstract IgA nephropathy (IgAN) is the most common
glomerulonephritis in the world. The hallmark of IgAN is
underglycosylation in the hinge region of IgAl. Increasing
evidence supports the underglycosylated IgA-containing
immune-complex including IgG antibodies against the
glycans of the hinge region of IgAl are key factors for
mesangial deposition and then trigger inflammation and
glomerular injury. The polymeric IgA is produced after
aberrant mucosal IgA response. The displacement of
mucosal B cells to systemic lymphoid organs and bone
marrow may arise from abnormal trafficking of lymphocytes
along the mucosa—bone marrow axis involving changes of
chemokines and adhesion molecules. This review will summa-
rize the works on the genetics, the mucosal and systemic IgA
immune response, mechanism of underglycosylation of IgAl,
and the pathological effect of mesangial IgA deposition in IgAN.

Keywords IgA nephropathy - Underglycosylation - IgA -
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Introduction

IgA nephropathy (IgAN), also called Berger's disease, was
first described by Berger and Hinglais in 1968 based on the
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characteristic finding of diffuse deposition of IgA- and IgG-
containing immune-complexes (ICs) with mesangial prolif-
eration immunohistologically [1]. It is the most common
primary glomerulonephritis throughout the world. About
10% of the general population and other systemic diseases
are associated with glomerular IgA deposits [2]. The
clinical significance of such IgA deposition is unclear.
Among them, Henoch—Schonlein purpura (HSP) nephritis
is indistinguishable with IgAN on renal biopsy. IgAN and
HSP diseases are considered variants of the similar disease
process [3].

IgAN occurs at any age, most common in second and
third decades of life. The male-to-female ratio is around 2
to 6:1. Disease prevalence is higher in Caucasians and
Asians than that of Blacks and Indians. Although genetic
differences may partly explain variations in disease preva-
lence, a definite diagnosis of IgAN is made by renal biopsy
and its indication and practices varied in different countries.
Thus, true incidence of IgAN is unknown [4]. In the early
stage of the disease, many patients are asymptomatic.
Abnormal urine sediment and proteinuria are found by
routine healthy examination. The most common clinical
presentation is macroscopic hematuria accompanied by
variable degree of proteinuria. Although IgAN is a very
slowly progressive disease, about 25-50% of the patients
progress to end-stage renal disease (ESRD) within 25 years
of diagnosis [5]. It is the main cause of ESRD in patients
with primary glomerulonephritis who require renal-
replacement therapy. Severe glomerular pathological
changes, proteinuria of more than 1 g per day for more
than 6 months, persistent microscopic hematuria, impaired
renal function, and hypertension are considered as poor
prognostic factors [2]. Nevertheless, IgAN recurs with
milder disease severity in more than 50% of patients within
2 years of kidney transplantation [6].
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Genetic Factors

The cause of primary IgAN is unknown. IgAN now is
considered a complex disease contributed by multiple genes
with modest effect in combination with environmental
factors. While most IgAN patients are sporadic cases,
familial aggregation of IgAN has been reported. Genome-
wide linkage study of familial IgAN was considered the
most promising approach to identify susceptibility genes.
Gharavi et al. analyzed 30 IgAN families (24 from Italy and
six from the USA) and identified linkage of IgAN to
chromosome 6q22-23 (called IGANI), with a maximal
logarithm of the odds ratio (LOD) score of 5.6. Only 60%
of patients are linked to /gAN1, suggesting other genes may
be involved in the development of disease [7]. The second
study by Bisceglia et al. analyzed 22 Italian families
showed linkage to 6q22-23 IGANI and two other loci on
chromosome 4q26-31 (called IGAN2) and 17q12-22 (called
IGAN3) with a peak LOD score of 1.83 and 2.56,
respectively [8]. Although no specific genes have been
identified in these three candidate loci containing IgA
susceptibility genes, family-based association studies to
identify some potential candidate genes such as transient
receptor potential channel 3 (TRPC3) gene, the interleukin-2
(IL2) gene, the IL21 gene located in 4q26-31; histone
deacetylase (HDY) gene, the granulin (GRN) gene located in
17q12-22 involved in immune response are in progress [9].

On the other hand, numerous association studies have
been performed to identify susceptibility genes of I[gAN by a
candidate gene approach based on the disease pathogenesis.
The genes associated with susceptibility to IgAN and/or
disease progression are summarized in Table | according
to the immunological and biological pathways. Innate
immune response provides an immediate defense of a
wide range of individual pathogen without antigen
specificity or immunological memory. It acts through the
recognition of pathogen-associated molecular patterns
(PAMPs) by macrophages, dendritic cells (DCs), and
other leukocytes to perform phagocytosis. Toll-like recep-
tors (TLRs) are a family of pathogen pattern recognition
receptors that sense PAMPs and trigger the production of
pro-inflammatory cytokines such as interleukin (IL)-1,
tumor necrosis factor (TNF)-«, IL-6, interferons (IFNs),
and chemokines [10]. A genome-wide scan identified
myeloid differentiation primary response gene 88 (MyDS§S),
a TLR signaling adaptor, as a candidate gene in ddY mice, a
spontancous IgAN model [11]. CD14 acts as a co-receptor
with TLR4 to sense bacterial lipopolysaccharide (LPS). An
association was observed between TLRY and CDI4 gene
polymorphisms with disease progression in patients with
IgAN [11, 12]. These findings suggest that activation of the
TLR/MyDS88 pathways by the exposure of microbial
pathogens might affect the severity of IgAN.
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Fc receptors are cell surface receptors that bind Fc
portion of antibodies to facilitate phagocytosis of neutralized
pathogens, to clear antigen-antibody complexes, to provide
signaling, and to regulate immune response. FcaR1 (CD89) is
the IgA Fc receptor expressed on blood myeloid cells and
mesangial cells. Two functional gene polymorphisms in the
promoter region of FcaR gene yielded controversial results
on the risk of IgAN [13, 14]. An association between soluble
CD89 levels with disease progression was found [15]. On
the other hand, mesangial IgG deposition and circulating
IgG-containing ICs are observed in patients with IgAN [16].
Therefore, pathologic roles of IgG and IgG Fcy receptors in
IgAN have been discussed. The major classes of human IgG
Fcy receptors have been identified with different affinities to
IgG that vary from high (FcyRI) to low (FeyRII). FeyRIIA,
IIIA, and IIIB (CD16) gene polymorphisms were associated
with susceptibility to IgAN and severity [17, 18].

Chemokines are a group of secreted proteins that attract
cells bearing chemokine receptors into inflammatory tissue
(chemotaxis). C—C chemokine receptor CCR5 has several
ligands such as CCL5/RANTES, CCL3/MIP-1¢, CCL4/MIP-
13, and CCL8/MCP-2 and is highly expressed on T cells.
Chemokines and chemokine receptors have been shown to be
involved in the resolution or progression of renal disease [19].
In human, homozygous 32 base pair deletion in CCR5 gene
(CCR5-A32) generates a non-functional receptor and a
reduced chemotactic response [20]. CCRS Delta32 mutation
was associated with late progression to ESRD with dialysis
and a better renal survival in patients with IgAN [21, 22].

Selectins are adhesion molecules involved in the
leukocyte-endothelial cell interaction. Activated endothelial
cells express E-selectin. P-selectin is expressed in platelets
and activated endothelial cells. L-selectin (CD62L) is
expressed in leukocytes [23]. Accumulation of leukocytes
within the glomeruli and interstitium of kidney is considered
an important mechanism in glomerulonephritis. The study
showed up-regulated expression of P-selectin in the high
endothelial venule-like vessels in renal interstitium in patients
with IgAN [24]. Abnormalities in leukocyte homing in the
mucosa—bone marrow axis also contribute to the pathogenesis
of IgAN [25]. Functional single nucleotide polymorphisms
(SNPs) in E-selectin (SELE) and L-selectin (SELL) gene were
associated with susceptibility to IgAN and rapid progression
to ESRD [26, 27]. These results were consistent with the
findings of a genome-wide scan of ddY mouse which showed
significant association between three chromosome regions on
chromosome 1, 9, and 10 and glomerular injuries. The peak
marker DIOMIT86 on chromosome 10 was located on the
region synthetic to human /GANI on chromosome 6.
DIMITI6 marker on chromosome 1 was very closely located
at the locus of selectin gene [28].

Innate immunity links to adaptive immunity by antigen
presentation of DCs to T cells. Adaptive immunity provides
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Table 1 Candidate genes and the involved biological pathways in IgA nephropathy

Immune and biological response Chromosome Genes Effect Ref
Adaptive immunity
Antigen presentation 6p21.3 HLA-B, -DRA, -DRBI, -DQA, DQB D, P [29, 162, 163]
Immunoglobulin class switch 11q13.3 IGHMBP2?* D, N [40, 41]
Cytokine 19q13.2 TGFB1? D, P [36, 164, 165]
12q15 IFNG?* D [37, 166]
5q31.1 IL4 P [166]
1g932.1 IL10* D, P, R [33-35]
IgA transfer in epithelium 1932.1 PIGR* D [38, 167]
Innate immunity
Toll-like receptor 3p21.2 TLRY9 P [11]
5q31.3 CD14 P [12]
Fc receptor 1923 FCGR2A, FCGR3A, FCGR3B P [17, 18]
19q13.42 FCAR (CD89)* D, N [13-15]
Pro-inflammatory cytokine 6p21.33 TNF?* D, P [168, 169]
2ql13 IL1B, ILIRN D, P [168, 170, 171]
Chemokine receptor 3p21.31 CCR5* P [21, 22]
Adhesion molecule 1q24.2 SELE, SELL? (selectin)® D [26, 27]
Glycosylation of IgA Tp22.1 CIGALTI® D, P [42-45]
17925.1 ST6GALNAC2? D, P [45]
Xq24 Cosme (CIGALTC1) N [172]
Secretory proteins and IgA deposition 11ql12.3 SCGB1A1 (Uteroglobin, CC10) D, P, N [48-50, 52]
Renal structure
Mucin protein 3929 MUC20 P [61]
Serine protease inhibitor 18q21.33 SERPINB7 (Megsin) D, P [55-59]
Renin—angiotensin system 17q23.3 ACE?* D, P [65, 173, 174]
1q42.2 AGT P [66, 174]
7q36.1 NOS3 (eNOS) P [65]

It has been proved to be functional gene polymorphisms by altering promoter activity or protein production

D development of IgAN, P progression of IgAN, N no association, R recurrence of IgAN, HLA human leukocyte antigen, /FNG interferon-y, IL4
interleukin-4, TGFBI tumor necrosis factor-3 1, TNF tumor necrosis factor-o, /L1B interleukin-1f3, ILIRN interleukin-1 receptor antagonist, PIGR
polymeric immunoglobulin receptor, CCR5 chemokine (C—C motif) receptor 5, IGHMBP2 immunoglobulin p binding protein 2, TLR9 Toll-like
receptor 9, FCGR24 Fc 'y receptor IIA, FCGR3A Fc vy receptor IIIA, FCGR3B Fc y receptor 1IB, FCAR Fc o receptor, SELE E-selectin, SELL L-
selectin, SCGB1A1 secretoglobin, family 1A, member 1, CIGALTI core 1 3-1,3-galactosyltransferase, ST6GALNAC?2 GalNAc «-2,6-sialyltransferase
I, MUC20 mucin 20, cell surface-associated, SER-PINB7 serpin peptidase inhibitor, clade B (ovalbumin), member 7, ACE angiotensin I converting
enzyme, AGT angiotensinogen, NOS3 nitric oxide synthase 3 (endothelial cell)

specific immune response with long-lasting immune memory,
including production of antibodies against pathogen by B cells
(so-called humoral immunity) and T cells-mediated immune
response (so-called cellular immunity). There have been
reports of positive association of certain human leukocyte
antigen (HLA) and cytokines (IFNG, IL4, IL10, TGFBI,
TNFA, ILIB, ILIRN) genes polymorphisms on discase
susceptibility or progression (Table 1). The first genome-
wide association study (GWAS) in UK, screening over
300,000 SNPs on the genome, yielded a strong association
on chromosome 6p in MHC region (rs 3115573 and
rs3130315, odds ratio (OR; 95% CI) 1.62 (1.39 to 1.90),
P value = 1 x 107?). Further analysis showed the associ-

ation signals across the HLA-B, DRB1, DQA, and DQB
loci [29].

Few studies evaluated with T helper 1 (Thl) and T
helper 2 (Th2) profiles in IgAN. CD4" Thl cells produce
cytokine interferon-y (IFN-y) that activates macrophages-
mediated defense mechanism and inflammation. CD4" Th2
cells secrete 1L-4, IL-5, IL-10, and IL-13 cytokines that are
essential for production of appropriate antibodies though B
cells class switch recombination (CSR). Cytokine expres-
sion studies of peripheral blood monocuclear cells
(PBMCs) showed increased levels of IFN-y, IL-10, and
transforming growth factor- (TGF-f3; two cytokines
important in [gA CSR), as well as enhanced Th2 cytokines
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production at single cell level analysis in patients with
IgAN [30-32]. IL10 gene G—1082A polymorphism was
associated with development, disease progression, and an
increased recurrence of IgAN after renal transplantation
[33-35]. The associated between TGFB gene polymor-
phism and disease susceptibility was reported. Patients with
high TGF- levels showed a poor renal survival [36].
A family-based association study demonstrated that the
IFNG +874A allele, strictly associated with IFNG 13-CA
repeat allele, conferred susceptibility to IgAN, without
influencing renal survival [37]. Different reports showed
that IFNG +874A and IL10 —1082G allele in IgAN patients
correlated with lower IFN-y and higher IL-10 cytokine
production respectively, a Th2 cytokine response [9, 37].

The mucosal immune system provides frontline protection
at the interface between the host and the environment and also
regulates the tone of entire immune response. The dominant
antibody in the mucosal immune system is IgA. A significant
association between IgAN and PIGR gene encoding poly-
meric immunoglobulin receptor (pIgR) was found by the
first partial GWAS in Japan, covering over 80,000 SNPs
[38]. PIgR is a transmembrane protein expressed in the
basolateral surface in glandular epithelium. It mediates the
transport of polymeric immunoglobulins via transcytosis,
particularly dimeric IgA or polymeric IgM, across mucosal
epithelium to the lumen of gut, respiratory tract, or
salivary gland. Secretory IgA arrests microbial pathogens
and toxins at epithelial borders. Although it has been
shown that defect in pIgR expression might result in
impaired IgA secretion and high IgA serum levels in
mice [39], no relationship between PIGR gene polymor-
phisms and serum IgA levels was found in patients. The
author assumed that PIGR AS580V polymorphisms might
affect the binding of pIgA—PIGR [38].

The same study group further demonstrated a significant
association of the gene encoding the immunoglobulin
p-binding protein 2 (/GHMBP2) with IgAN [40]. As the
gene product is involved in immunoglobulin-class switching,
and patients with 34448A allele higher serum levels of IgA,
IGHMBP? gene polymorphism might influence CSR to IgA,
resulting in a higher risk of IgA nephropathy. However, the
association of IGHMBP? to IgAN was not significant in UK
Caucasian or Chinese Han populations [41].

Incompleteness of O-glycosylation in the IgA1 hinge has
been implicated as a central mechanism in the development of
IgAN. Although underglycosylation was reported to be an
acquired abnormality, genes for enzymes of O-glycosylation,
CIGALTI (a galactosyltransferase), and ST6GALNAC?2
(a sialyltransferase) were associated with susceptibility to
IgAN and disease outcome [42—45]. Reduced expression of
CIGALTI was seen in homozygous 1365G/G individuals,
compared with those with G/A or A/A genotypes [44]. The
ADG haplotype of ST6GALNAC2 gene conferred reduced
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promoter activity and was associated with the degree of
deficiency of «2,6-sialic acid of IgA1l molecules in IgAN
patients [46].

Uteroglobin (UG), also named Clara cell protein CC10, is a
steroid inducible protein with potent immunomodulatory and
anti-inflammatory effect and high affinity to fibronectin (Fn).
UG knockout and antisense transgenic mice developed
pathological and clinical features similar to fibronectin
nephropathy and IgAN [47]. Several association studies of
uteroglobulin (SCGBI1AI) G38A gene polymorphism with
IgAN yielded controversial conclusion [48-51]. A meta-
analysis of six studies including 930 patients and 768
healthy controls showed no significant association between
uteroglobulin 38A and risk for IgA nephropathy with OR
(95%CI) 1.05 (0.71-1.54) for AA genotype, 0.96 (0.84—
1.11) for A allele. Uteroglobulin G38A polymorphism was
not associated with disease progression either [52].

Two novel proteins upregulated in the kidney of IgAN
were identified. Megsin (SERPINB7) belongs to the serpin
(serine protease inhibitor) superfamily, which is predomi-
nantly expressed in the glomerular mesangium [53, 54].
The genetic variations within the 3'-untranslated region of
the megsin gene were associated with susceptibility to
IgAN and disease progression [55-59]. However, reversal
results were seen between Chinese and Korean population.
Further studies are required to resolve the reasons of
disparity and to define the roles of megsin in disease
mechanism. On the other hand, a mucin protein MUC20 is
highly expressed in the kidney upon injury [60]. The higher
repeated times (SL/LL alleles) in the variable number of
tandem repeats polymorphism of MUC20 gene was
associated with progression to ESRD in IgAN patients
[61]. The repeated numbers of MUC20 might affect not
only the amount of glycosylation but also other physico-
chemical property. Epithelial mucins function in cell
protection via the interaction with bacteria/IgA and adhesion
modulation via interaction with adhesion molecules
(selectins). Mucins might also regulate cell growth and
differentiation through signaling in ERK cascade and
[3-catenins pathway [60]. Further studies will be needed to
define the roles of mucins in mucosal immunity, cell
signaling, and proliferation in the pathogenesis of IgAN.

Renin—angiotensin system plays an important role in
the progression of primary glomerulonephritis to ESRD.
The carriers of angiotensin I converting enzyme (ACE)
deletion (DD) genotype had significantly higher mean ACE
activity than insertion (II) genotype individuals [62]. A
meta-analysis of 20 association studies with conflicting
results revealed ACE DD genotype is a risk for disease
susceptibility in Asians with OR 2.37 (95% CI 1.04-5.41)
but not in Caucasians and disease progression in Asians
(OR 1.75) and Caucasians (OR 1.9) [63]. Patients with
DD genotype also had a poor response to ACEI/ATRA
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therapy in a randomized controlled trial [64]. The
combination of 4CE DD genotype and endothelial nitric
oxide synthase (eNOS) 894 GG genotype was associated
with an unfavorable outcome in a Caucasian cohort [65].
The T allele in angiotensin M235T polymorphism was
associated with increased serum angiotensinogen concen-
trations and progressive loss of renal function of IgAN
without the effect on hypertension [66, 67].

Microarray analysis represents the latest approach to
gain information on global gene expression. A whole-
genome expression analysis showed upregulation of genes
in canonical WNT—f-catenin and PI3K/Akt pathways in
PBMCs in IgAN patients. Hyperactivation of these path-
ways explained the enhanced proliferation of PBMCs in
IgAN patients [68]. Up-regulation of the apolipoprotein B
messenger RNA-editing enzyme catalytic polypeptides 2
(APOBEC2) gene, a member of the cytidine deaminase of
DNA/RNA editing enzyme, was also found in tonsils of
patients with IgAN [69]. The expression of APOBEC2 is
specific to skeletal and cardiac muscle. APOBEC2 does not
have any RNA or DNA deaminase activity, but a recent
report showed that it inhibit TGF-3 signaling during early
embryogenesis [70]. This result has not been confirmed by
other studies.

The genetic approach appears to support important
roles of dysregulated mucosal immune response, defec-
tive IgA glycosylation, and renin—angiotensin system
activation in the pathogenesis of IgAN. Meta-analyses of
combined datasets to confirm present data in correlation
with biological function are expected. Genetic studies
may further lead us to refine prognosis and treatment
responsiveness (pharmacogenetics) in an individual and
to find potential pathogenic pathways and novel treatments
for IgAN.

IgA Immune System

IgA is the most abundant immunoglobulin in the body and
in mucosal secretions. The majority of IgA is produced at
mucosal tissues and secreted as secretory IgA (SIgA), with
little entering the circulation. A small amount of IgA is
produced by the plasma cells in the bone marrow and enters
circulation, most in monomeric form (mlIgA). The mucosal
and systemic compartments are tightly linked and regulated,
the so-called “mucosa—bone marrow axis” and two compart-
ments function dependent on each other [25]. IgA is divided
into two subclasses, IgAl and IgA2, which differ by the
absence of an 18-amino acid sequence in the hinge region of
IgA2 [71]. This difference explains the resistance of IgA2
against degradation by bacterial proteases in mucosal
surface. IgAl comprises 85% of total serum IgA. IgA"
plasma cells are mainly of IgA1 subclass, 93% in the spleen,

peripheral lymph nodes, tonsils, nasal mucosa, 60-80% in
bronchial mucosa, exocrine glands, duodenal, and gastric
mucosa, in contrast to a dominance of IgA2 (64%) in the
colon [72].

IgA system is different between human and mice.
Murine IgA lacks a hinge region with O-glycosylation
sites. Serum IgA in mice is exclusive polymeric in nature.
A homologue of IgA receptor FcaRI is not present in mice.
These differences have limited the development of animal
models for IgAN. The ddY mouse is a well-known model
of spontaneous IgAN. These mice develop glomerulone-
phritis with IgA deposition in the mesangium [73].

Biological Function of Circulating IgA and IgA
Receptors

The biological activities and physiological functions of
circulating IgA are still poorly understood. It seems that
circulatory IgA plays a paradoxical role in immune regula-
tion. The major role of serum monomeric IgA (mIgA) has a
powerful anti-inflammatory effect, such as down-regulation
of IgG-mediated phagocytosis, chemotaxis, bactericidal ac-
tivity, and cytokine release [74]. There are five types of IgA
receptors: FcaR, Fca/p receptor, pIgR, the hepatic asialo-
glycoprotein receptor (ASGPR), and transferrin receptor
(CD71). FcaRI (CD89) is expressed on Kupffer cells in
liver, neutrophils, monocytes, and eosinophils. FcaRI plays
an essential anti-inflammatory role in physiology by trans-
mission of inhibitory signals following binding of mIgA to
FcRy-associated FcaRI. However, in pathology, FcRy-
associated FcxRI favors the pro-inflammatory role. The
polymeric IgA complexes result in enhanced IgA binding to
FcaRI on blood monocytes, which activate monocytes. This
also leads to the generation of soluble IgA-FcxRI com-
plexes due to cleavage of the FcaRI extracellular domain
and then release of IgA—FcaRI complexes into circulation.
Soluble IgA—FcaRI complexes deposit in tissue such as
renal mesangium though binding of IgAl to the other
receptors such as CD71 and initiate inflammation [74].

Underglycosylation of IgA in IgA Nephropathy

Elevated seral levels of IgA were observed in about half of
the patients with IgAN [75]. In patients with IgAN, the IgA
in the mesangial deposits and in circulation as immune-
complex is exclusively IgA1 subclass [76]. One of the most
consistent abnormalities in IgAN is underglycosylation of
IgAl in serum and mesangium, which is rarely found in
normal individuals. IgA1 is aberrantly galactosylated with
deficient in galactose (Gal) in the hinge region O-linked
glycans, resulting in truncated O-glycans as Tn antigen or
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sialyl-Tn antigen [77-80] (Fig. 1). The undergalactosylated
IgA1 has increased affinity for extracellular matrix, such as
fibronectin, type IV collagen, which promotes mesangial
deposition [81]. Studies demonstrated that undergalactosy-
lated IgA1 in aggregates or immune-complexes also induced
mesangial proliferation, complement activation, altered
integrin expression, enhanced inflammatory response, and
increased synthesis of extracellular matrix components [82,
83]. The binding of IgA to mesangial cells triggers the
release pro-inflammatory cytokines such as IL-1, IL-6, and
tumor necrosis factor-o (TNF-) [82-84]. Using a lectin-
binding assay to detect underglycosylated IgAl in serum
might have potential as a non-invasive diagnostic test for
IgAN [85].

The hinge region of IgAl contains six O-linked
glycosylation sites with serine and threonine residues, which
are the sites of attachment of O-linked glycans consisting of
N-acetylgalactosamine (GalNAc) with a (31,3-linked galac-
tose (Gal) and sialic acids, such as N-acetylneuraminic acid
(NeuNAc) [71] (Fig. 1). The synthesis of O-glycan is
initiated by adding GalNAc to serine or threonine residues
by the enzyme N-acetylgalactosaminyltransferase 2 (Gal-
NAcT2). Gal is attached to GalNAc by core 1 1,3-
galactosytransferase (C1GalT1) with its chaperone Cosmc
[86, 87]. Sialic acid NeuAc is linked to GalNAc by «2,6-

al,3

cH1 A Ser/Thr< GalNAc

»

Hinge
region

CH2

CH3
\
S0 \

IgAl

v

CH2

Fig. 1 The structure of IgA1 and O-linked carbohydrates in the hinge
region. A hinge region consists of 18 to 23 amino acids and nine
potential O-glycation sites between the CH2 and CH3 domains. N-
acetylgalactosamine (GalNAc) is «l,3-linked to serine (Ser) or
threonine (Thr) residues in the hinge region of the IgAl. Sialic acid
N-acetylneuraminic acid (NeuNAc) is «2,6-linked to GalNac or «2,3-
linked to Galactose (Gal) residues. Abnormal IgAl in patients with
IgAN poses an increased proportion of the terminal as either a
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B Ser/Thr

C SerfThr{ GalNAc >—< Gal >
‘\‘ D Ser/Thr —< GalNAc >‘< Gal >

GalNAc-sialyltransferase 1 or I (ST6GalNAcI or ST6Gal-
NAcll) or linked to Gal by an «2,3-Gal-sialyltransferase.

Using Epstein-Barr virus (EBV)-immortalized B cell lines
established from circulating IgA1-producing B cells, under-
glycosylation of IgA1 was only seen in IgAN patients, not in
normal individuals or disease controls. Suzuki et al. demon-
strated that premature sialylation due to enhanced ST6GalNAc
activity and/or reduced galactosylation due to decreased
C1GaLT1 activity might contribute to underglycosylation of
IgAl in IgAN [77]. Furthermore, low expression of Cosmc
gene was found in peripheral B lymphocytes of patients with
IgAN. Cosmc expression levels negatively correlated with
glycosylation levels of IgA1l and proteinuria [88].

At present, little is known about the control of IgA1 O-
glycosylation in B cells. Evidence shows that glycosylation
of IgA is regulated by external stimuli and cytokines. Using
Thl- or Th2-prone mice, a study demonstrated that
cytokines might determine the severity of IgAN by
regulating IgA glycosylation. Increased Th2 cytokines can
decrease glycosylation levels of IgA, which results in more
significant renal insufficiency [89]. IL-4 stimulation in a
human B cell line yielded higher IgAl production, a
significantly decreased Cosmc mRNA levels, decreased
C1GalTl mRNA levels and activity, with defective
galactosylation of the O-glycans of IgA1 hinge region [90].

Tn antigen
GalNAc Syalyl-Tn
a2,b yEY
61,3 -
T antigen

(core 1 structure)

a2,3{ NeuNAc Monosyalyl-T
E Ser/Thr —< GalNAc >_< Gal >
< NeuNAc >‘< NeuNAc > Disyalyl-T

GalNAc (Tn antigen) or b GaINAc-NeuNAc glucan structures (syalyl-
Tn antigen). The T antigen, or the core 1 structure, is formed by an
addition of Gal in (1,3 linkage to the GalNAc of Tn antigen.
Abbreviations: VL variable region of light chain, VH variable region
of heavy chain, CL constant region of light chain, CH1, CH2, CH3,
three domains of the constant regions of the heavy chain; the Ser/Thr
residues of O-glycosylation sites in the hinge region are indicated by
small bars
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However, a significant inhibition of Cosmc expression was
found using LPS stimulation of peripheral B lymphocytes of
patients with IgAN [91]. Mechanisms of regulation of
C1GalT1 and/or Cosmc activity in B cells of IgAN remain
unclear.

Interestingly, O-glycosylation of IgAl and IgD was
differentially controlled during B cell maturation by analyzing
their lectin binding activity. Defective O-glycosylation was
seen in IgAl not in IgD in patients with IgAN. It is general
accepted that defective glycosylation arising at a later stage of
B cell development and maturation due to aberrant immune
regulation after acquired stimuli, rather than an inherited
nature [92]. It is also now well recognized that aberrant
glycosylation is limited to a small fraction of the total IgAl
and originates from a small B cell subset.

Mucosal IgA Response

Clinical observation showed that presence of macroscopic
hematuria coincidently or immediately followed an upper
respiratory tract or gastrointestinal tract infection. It
provides a rationale for a connection between mucosal
immune response after encounters of antigens and IgAN [4,
93]. IgA has a critical role in the mucosal defense against
microbes. Human mucosa-associated lymphoid tissues are
constituted by two compartments: gut-associated lymphoid
tissue (GALT) and nasopharynx-associated lymphoid tis-
sues (NALT) [94]. In rodents, NALT is found on both sides
of the nasopharyngeal duct, and it is considered analogous
to Waldeyer's ring, including palatine tonsils and adenoids,
in human. NALT and GALT have similar immunological
characteristics and biological functions, as well as to
contain the same types of resident immune cells (Table 2).
However, the homing receptors- and chemokines-mediated
lymphocyte trafficking are different between GALT and
NALT (Fig. 2). Bronchus-associated lymphoid tissues in

mice are not generally detectable in normal lungs of adult
humans [95].

In GALT, mucosal antigens initiate IgA production by
activating follicular B cells in germinal centers of Peyer's
patches (PPs) through T cell-dependent reaction. Dendritic
cells (DCs) located beneath specialized M cells take up
microbial antigens and migrate to T cell zone to present
antigen in MHC molecules to T cells (so-called follicular
helper T cells). B-T interaction through CD40-CD40L
interaction and cytokines (mainly IL-10, TGF-f3) stimulation
activate B cells which then express activation-induced
cytidine deaminase and undergo CSR from IgM to IgA and
somatic hypermutation (SHM) for affinity maturation [96].
More than 80% of plasma cells in the mucosa produce IgA
[97]. The preferential generation of IgA by CSR are due to
abundant production of activated TGF-f3, IL-6, IL-10, IL-21,
and retinoid acid in the mucosal environment [98].

On the other hand, TLR/MyDS88 activation (including
TLR2, TLR4, TLRS, and TLR9) by mucosal antigens could
also stimulate lamina propria (LP) DCs (including iNOS" DCs)
and stromal cells to release innate signals (such as BAFF,
APRIL, TNF-«, TGF-f3, retinoid acid) to enhance CSR to
IgA in activated B cells in a T cells independent (TI) manner.
The conventional B2 cells and a specialized CD5" Bla subset
are involved in the TI response [99—101]. In TI response,
engagement of TLRs by microbial ligands enhances IgA
CSR and production through two independent TIR (Toll-IL1
receptor domain)/MyD88 and TACI (transmembrane activa-
tor and calcium-modulating cyclophilin-ligand interactor)/
MyD88 signaling pathways [99]. CSR to IgA and intestinal
IgA response were impaired both in mice and human lacking
MyD88 [102].

The vast majority of IgA produced by mucosal B cells is
as dimeric form (DIgA) joined by a J chain. DIgA is
transported through intestinal epithelial cells after binding
to pIgR via transcytosis and become secretory IgA (SIgA).
High-affinity SIgA antibodies from T cell-dependent pathways

Table 2 The compartments and immunological features of human mucosa-associated lymphoid tissues (MALT)

Gut-associated lymphoid tissue (GALT)

Nasopharynx-associated lymphoid tissue (NALT)

Inductive sites Peyer's patches

Isolated lymphoid follicles
CSR from IgM to IgA through TD and TI

Main immunological function
pathways
Eftector sites

Draining lymph nodes

Induced antigen-specific immunity following  Gastrointestinal tract

vaccination

Lamina propria of small intestine, colon

Mesenteric lymph nodes

Waldeyer's pharyngeal ring (adenoids and paired
palatine tonsils)

Isolated lymphoid follicles
CSR from IgM to IgA through TD and TI pathways

Nasal passages
Cervical lymph nodes

Respiratory tract, salivary gland, genito-urinary
tract

CSR class switch recombination, 7D T cell-dependent, 77 T cell-independent, CCR C—C chemokine receptors

Mesenteric and cervical lymph nodes are not classified into MALT
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Fig. 2 A scheme of the trafficking of B cells between bone marrow, gut-
associated lymphoid tissue (GALT), and nasopharynx-associated
lymphoid tissue (NALT). Naive B cells expressing surface IgM and
chemokines receptors CXCRS, CXCR4, and CCR7 emerge from the
bone marrow and migrate to Peyer's patches (PPs) of small intestine.
Homing of activated B cells from PPs depends on the interaction of o437
integrin with MADCAMI expressed on the endothelium in the intestinal
lamina propria. In the small intestine, CCR9-expressing B cells are
attracted by the chemokine CCL25 secreted in lamina propria of small
intestine, while CCL28—CCRI10 interaction appears to be important in the
colon. A small proportion of activated B cells expressing CXCR4 and

function in protection against invasion by pathogenic microbes
in mucosal surfaces by neutralization, while low affinity SIgA
antibodies from T cell-independent pathways are important to
confine commensal bacteria in the intestinal lumen and prevent
initial adherence through a process known as “immune
exclusion” [103]. In pIgR knock-out mice, loss of pIgR-
mediated transport of dimeric IgA resulted in intestinal SIgA
deficiency, paralleled by increased levels of seral dimeric IgA
[39, 104]. In addition, pIgR deficiency did not have any effect
on the induction of a respiratory mucosal immune response or
a systemic immune response [104].

Aberrant Mucosal Immunity and IgA Nephropathy

Common microbial or food antigen may trigger the
dysregulated innate immune response. Antibodies to a wide
spectrum of viral and bacterial infectious agents and diet
antigens such as gluten, soy, and cow's milk protein
antigens have been detected in sera or the glomerular
mesangiaum from patients with [gAN [105-107]. However, no
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CCR10 that bind respectively to CXCL12 and CCL28 produced in the
bone narrow. Integrin oy3;-VCAMI (vascular cell-adhesion molecule-1)
interaction also contributes to GALT-derived B cells homing to bone
marrow. On the other hand, the homing receptors used in NALT are less
understood. CXCR4-CXCL12 interaction might mediate B cells traffick-
ing between bone marrow and NALT. The interaction of CD62L
(L-selectin)-PNAd, o4f3; integrin-VCAM1, CCR7-CCL19, CCL21, and
CCR10- CCL28 might mediate the homing the NALT-derived activated B
cells to bone marrow and other effector sites such as nasal passages [95,
138]. Chemokine receptor/chemokine: CCR9/CCL25; CCR10/CCL28;
CCR7/CCL19, and CCL21; CXCR4/CXCL12; CXCR5/CXCL13

consistent antigen associated with mesangial IgA deposition
was identified. A variety of pathogens have been used in
experimental animal of IgAN, including Staphylococcus
aureus in Th2-prone mice [108], oral immunization of
Hemophilus parainfluenza [109] and intranasal immunization
of Sendai virus (a rodent parainfluenza virus) [110, 111]. Oral
immunization of gliadin and other antigen can also induce a
specific IgA mucosal immune response and reproduce IgAN
in mice [112, 113]. A recent report showed significant
presence of Helicobacter pylori in the palatine tonsils in
patients with IgAN [114].

Up-regulation of TLR4, but not TLR3 and TLR7, in
transcriptional levels and surface expression in peripheral
monocytes were significantly increased in patients with
IgAN, particularly in association with proteinuria and
heavy microscopic hematuria [115]. In the ddY mice, nasal
challenge with CpG DNA, the TLRY ligands expressed in
bacteria and viruses, led to Thl polarization, increased
serum and mesangial IgA, and aggravated renal injury [11].
Transgenic mice over-expressing BAFF developed renal
IgA deposits similar to IgAN [100].
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The roles of CD19°CD5" Bla cells in IgAN are unclear,
but Bla cells have been proved to be involved in
autoimmune diseases [116]. A significantly higher percentage
of CD19°CD5" Bla cells were observed in peripheral blood
B lymphocytes, tonsillar germinal centers, and in kidney in
patients with IgAN [117-119]. Those B1la cells secrete higher
levels of IgA and IFN-y and are more resistant to Fas-
mediated apoptosis in patients compared with controls and
lupus patients, probably enhancing renal inflammation and
tubulointerstitial injury [119].

A special subset of T cells bearing 6 T cell receptors (y0T
cells) appears to regulate IgA production in the mucosa,
especially NALT. Human y8T cells express one of the six Vy
gene segments and three VO genes. A decrease of yoT cells
expressing Vy3 and V&3 in duodenal mucosa and bone
marrow in patients with IgAN [120, 121]. On the contrary, a
study showed that the percentage of ydT cells increased in
PBMCs was correlated with the percentage of IgA™ B cells
significantly in patients with IgAN. Isolated yOT cells from
IgAN patients induced surface IgA expression on naive B
cells and produced large amount of TGF-f3 [122]. The roles of
vOT cells in the pathogenesis of IgAN remain to be defined.

Many studies suggest the involvement of tonsils in the
pathogenesis of IgAN. Underglycosylation of IgA1 was found
not only in serum and but also in renal deposits. The same
pattern in glycosylation is found in IgA produced in vitro by
tonsillar lymphocytes [123]. Tonsillar CD19" B cells had
decreased C1GaLT1 gene expression in patients with IgAN
[124]. Increased dimeric IgA-producing plasma cells, increased
CD5" Bla cells and decreased CD4'CD25" T cells were
observed in tonsils of IgAN patients [118, 125, 126]. However,
from the point of view of treatment in IgAN, the benefits of
tonsillectomy are not impressive and are considered insufficient
to change the prognosis of patients with renal damage [127].

There is no question about the importance of IgA-mediated
protection at mucosal surface. A pathogenic role of SIgA is
suggested by the fact that SIgA is present in renal biopsies in
15% of the cases using a specific staining of secretory
component [128]. It is oversimplified to assume IgAN as a
consequence of overproduction of mucosal polymeric IgA
which spilled into the circulation and deposited in the
mesangium. Dysregulation of mucosal response might result
in failure of mucosal antigen elimination, prolonged antigen
exposure, and lead to excessive activation of systemic IgA
immune response and glomerulonephritis.

“Mucosa-bone Marrow Axis”—Homing
of Lymphocytes in IgA Nephropathy

The mechanisms underlying underglycosylation of IgAl in
IgAN are still unclear. The major site of the underglycosylated
IgA production in IgAN remains uncertain. It is a general

agreement that circulatory IgA antibodies are mainly pro-
duced in the bone marrow. Large numbers of pIgA1-secreting
plasma cells are found in the bone marrow of IgAN patients
[129]. There are controversial results that the number of IgA-
producing plasma cells was reduced [130] or normal [131] in
intestinal mucosa in IgAN.

To have a better view on the development of IgA immune
response, several groups have performed vaccination studies
in IgAN patients. An impaired mucosal IgA response with
normal IgG and IgM response were demonstrated after a
neoantigen exposure, using nasal immunization of cholera
toxin B subunit and oral immunization of live typhoid vaccine
[132, 133]. However, systemic immunization of tetanus
toxoid, influenza vaccine, or mucosal immunization with
oral polio vaccine, the recall antigens, resulted in an
enhanced and prolonged systemic IgA response [134, 135].

To investigate whether the site of antigen encounter
influences IgAl O-glycosylation, the glycosylation of
serum IgAl after subcutaneous immunization of tetanus
toxoid, a systemic antigen, and after H. pylori infection, a
mucosal antigen, was analyzed in patients with IgAN and
healthy controls. The O-glycosylation of allergen specific
IgAl antibodies did not differ between patients and
controls. Patients could produce full spectrum of IgAl
O-glycoforms. Moreover, IgA1 with high lectin binding,
indicating underglycosylation, was produced in response to
mucosal infection in all subjects [136]. The reasons for
different glycosylation of IgA1 in mucosa and bone marrow
remains poorly understood. Nevertheless, this important
study raises a possibility of an increase in “mucosal-type”
IgAl in the serum in IgAN. It is more evident that
“mucosal type” plgAl is produced in the bone marrow of
patients with IgAN, namely a misdirected of IgA1 secreting
plasma cells from mucosa to systemic sites, such as bone
marrow [137]. Therefore, abnormalities in the cross-talk
between mucosa and bone marrow may play an important
role in the pathogenesis of IgAN.

Studies have revealed continued trafficking of antigen-
specific lymphocytes and antigen-presenting cells between
mucosa and bone marrow. Chemokines and adhesion
molecules coordinate the migration of plasma cells from
the site of antigen-driven differentiation in lymphoid tissues
to target effector tissues. IgA-secreting plasma cells have
trafficking pattern related to the site of production [138].
Differentiation and homing of plasma cells in the lamina
propria of the small intestine is associated with the
upregulation of o437 integrin and C—C chemokine receptor
9 (CCRY) and CCRI10, while the expression of oyf3;
integrin and CXC chemokine receptor 4 (CXCR4) is related
to differentiation and homing of B cells to the bone marrow
[95, 138] (Fig. 2). Limited studies focus on changes in the
homing of lymphocytes between mucosal and systemic
sites in IgAN. A study showed that activated CD3" T cells
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express o4f3jintegrin rather than o3 integrin in patients
with IgAN [139].

IgA-Containing Immune Complexes in Circulation
and Kidney in IgAN

The roles of IgA-containing ICs in the pathogenesis of
IgAN are supported by diffuse and generalized mesangial
deposition of IgA, usually accompanied by deposition of
complement C3 and variable deposition of IgG and/or IgM.
Elevated levels of circulating IgA—ICs are seen in most
patients with IgAN [140]. Underglycosylated IgA1-ICs are
retained in the circulation for long period of time due to
impaired immune-complex clearance and then deposited in
the mesangium [141].

Some of the components of IgA-ICs have been identi-
fied, mainly underglycosylated IgA, as well as fibronectin
(Fn), collagen, soluble FcaRI (CD89), and IgG [142].
Uteroglobin (UG) has strong binding affinity to fibronectin.
UG interacts with Fn and prevents IgA—Fn ICs formation in
IgAN. UG knockout and antisense transgenic mice developed
pathological and clinical features similar to fibronectin
nephropathy and IgAN. Treatment with purified recombinant
human UG in mice prevented abnormal glomerular deposition
of Fn and IgA by binding of UG to Fn [47]. However, only
about half of the patients with [gAN have [gA—Fn ICs [143].
The specific heparin-binding site on the Fn molecules with
UG interacts is identified, which would be a potential drug
target for [gAN [144].

Increased levels of IgA are associated with decreased
expression of surface CD89 on monocytes in IgAN [145].
Elevated soluble CD89 due to shedding of surface CD89, a
highly glycosylated 50 to 70-kDa protein, were detected in
patients with IgAN but not in healthy controls. Another
soluble CDS89, a slightly glycosylated 30-kDa protein,
complexed with pIgA present in patients with IgAN and
healthy controls [146]. Human CD&9 transgenic mice that
express human CD89 on macrophages and monocytes had
circulating IgA-CD89 ICs and develop spontaneous IgAN
[147]. Furthermore, the disease can be transferred to
immunodeficient recipients by injecting serum. SCID-
FcxRI transgenic mice, which do not develop IgAN
spontaneously, develop manifestations of IgAN upon
injection of IgA from patients with IgAN. But, IgA from
healthy subjects did not result in I[gAN in such mice [147].
This result provides an evidence of a pathogenic role of
IgA-CD89 ICs in IgAN.

Mesangial IgG deposition is considered as risk factors
for hypertension and renal failure in early I[gAN [148]. The
percentage of concomitant IgG deposition in renal biopsies
shows large variation and is not universally present [106].
Immune-complexes composed of aberrantly glycosylated
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IgA1 and IgG autoantibodies as well as free IgG autoantibodies
are present in the circulation of subjects with IgAN [141].
Suzuki et al. showed that sera and culture supernatants of
EBV-immortalized peripheral B cells of patients of IgAN
contained elevated levels of IgG antibodies against the GalNac
epitopes on the Gal-deficient hinge-region O-glycans of IgAl
[16]. The seral levels of the glycan-specific IgG antibodies
correlated with proteinuria. The binding of the glycan-specific
IgG to undergalactosylated IgAl significantly favored the
formation of immune-complexes. Moreover, these IgG auto-
antibodies contained a common A to S amino acid substitution
in a region of IgG Vy molecule due to mutations of the
variable region of IGH gene (IgG V). Whether these
mutations arise from underlying genetic polymorphisms or
from somatic hypermutation was unclear [16, 149]. It seemed
that both undergalactosylated IgAl and glycan specific IgG,
representing disease-specific markers, are essential for the
development and progression of IgAN. In addition, there is a
speculation without evidence to support that IgG anti-IgA
antibodies could be produced against bacterial or viral surface
glycoproteins during infection and cross-react to the glycans
on IgAl, a phenomenon known as “molecular mimicry” [137].

The mechanism of deposition of IgA-ICs in the
mesangium in IgAN is poorly understood. There is no
evidence to support the deposited IgA is directed against
renal antigens. Mesangial cells do not express CD8§9,
ASGPR, and pIgR [150]. The transferrin receptor (CD71)
is identified as a mesangial IgAl receptor, which is
upregulated in mesangium in patients with IgAN but not
in healthy controls. CD71 binds pIgAl, not IgA2, and has a
higher affinity of underglycosylated IgAl and IgA-ICs.
Fca/p receptor is receptor for IgA and IgM which is
expressed on mouse monocytes and B cells. Human
mesangial cells express mRNA for Fco/p receptor after
IL-1 stimulation, thereby implying another receptor for IgA
deposition [151]. Whether Fco/ut receptor is upregulated in
mesangium and the binding of IgA to Fco/p receptor
triggers inflammation in IgAN still has to be elucidated.

It is considered that pathogenesis of IgAN to occur in three
phases. In the early primary phase, B cells produce pIgA that
initiates glomerular IgA—ICs deposition. In the secondary
phase, continuous activation of mesangial cells, the comple-
ment system and the recruited macrophages that produce
cytokines and growth factors, such as IL-6, IL-8, TNF-c,
TGF-3, chemoattractant protein-1 (MCP-1), macrophage
migration inhibitory factor, platelet-derived growth factor
(PDGF), leading to glomerulosclerosis. In the tertiary phase,
interstitial infiltration of CD8'T cells and the sentinel y&T
cells cause tubular injury and irreversible interstitial fibrosis
leading to ESRD [152].

IgA1l deposition is commonly associated with C3
complement but rarely C1q (a marker of classical pathway
activation) in the mesangium, suggesting complement
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Fig. 3 Possible mechanisms underlying the development and pro-
gression of IgA nephropathy. T cell-activated by dendritic cells (DCs)
presenting mucosal antigens drive naive B cells to undergo class
switch recombination (CSR) from IgM to IgA in a T cell-dependent
manner in the Peyer's patches of small intestine and tonsils/adenoids
in the NALT. Activated B cells migrate to regional lymph nodes and
homing to lamina propria of small intestine or nasal passages in the
NALT where they terminally differentiate into IgA-secreting plasma
cells. A T cell-independent response of IgA production also occurs in
the lamina propria of small intestine and nasal tissues in the NALT.
Dimeric IgAs associated with pIgR are transported through the
intestinal epithelium to become secretory IgA (SIgA) for pathogen
defense. Aberrant mucosal immune response involving TLR signaling and
impaired homing of IgA producing plasma cells to bone marrow might lead
to increased production of underglycosylated IgA1. Unglycosylated IgA1
tends to self-aggregate into polymeric form (pIgAl). Soluble FcaRI
(sCD89), fibronectin, and IgG antibodies against the galactose-deficient
glycans of the hinge region of IgAl are also found in the circulating

activation through alternative pathway in patients with IgAN.
Complement activation through alternative pathway by IgA has
been documented [153]. It has been shown that human IgA
can also activate lectin pathway driven by mannose-binding
lectin (MBL) [154]. It is supported by detection of MBL,
mannose-binding lectin-associated serine proteases (MASP-
1), C3, C4, and IgA in the mesangium in patients with [gAN
[155]. In addition, a strong colocolization of SIgA, MBL, or
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immune-complex. The binding of IgA 1-containing immune-complexes to
glomerular mesangial cells is enhanced via CD71 (transferrin receptor).
The continuous activation of mesangial cells, the complements (C3) and
macrophages that produce cytokines and growth factors, such as IL-6,
TNF-«, TGF-f, and PDGF, leading to matrix accumulation and
glomerulosclerosis. Neutrophils infiltrated into the glomeruli further
augment glomerular damage by the release of superoxide and proteolytic
enzymes. Further recruitment of CD8" cytotoxic T cells and the sentinel
vd T cells contribute to tubulointerstitial injury. GALT gut-associated
lymphoid tissue, NALT nasopharynx-associated lymphoid tissue, M cells
microfold cells, SIgA secretory IgA, TLR Toll-like receptors, PP Peyer's
patches, LP lamina propria, DC dendritic cells, F'7; follicular T helper
cells, CSR class switch recombination, SHM somatic hypermutation, PC
plasma cells, pIgR polymeric immunoglobulin receptors, plgA1 polymeric
IgAl, IL-6 interleuin-6, TNF-ov tumor necrosis factor-o, TGF-{3 trans-
forming growth factor-3, PDGF platelet-derived growth factor, MC
mesangial cells, Neu neutrophils, Mg, macrophages

C4d in renal biopsies provides evidence for a pathogenic role
of SIgA associated with lectin pathway activation in IgAN
[128]. Glomerular deposition of MBL is associated with more
pronounced renal damage histologically such as increased
mesangial proliferation, extracapillary proliferation, glomerular
sclerosis, interstitial infiltration, as well as with significantly
more proteinuria [156]. Mesangial deposition of C4d is also
associated with poor renal survival [157].
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IgA Nephropathy and Henoch—Schonlein Purpura

HSP is the most common systemic vasculitis in children,
which is characterized by purpuric rash, nephritis,
gastrointestinal involvement, and arthralgia/arthritis. In
contrast to the insidious onset and slow progressive
nature in IgAN, HSP has an acute onset, self-limited, and
rarely progressed to ESRD. The renal biopsy in HSP
nephritis (HSPN) and IgAN patients are identical
morphologically and glomeruli deposits contain exclusive
IgA1l. The glycosylation defects in serum IgA1l are similar in
both IgAN and HSPN. Gal-deficient IgAl and IgA-IgG
immune-complexes were found in sera of patients with HSPN
but not in HSP patients without nephritis [158, 159]. The
expression of CD71 mesangial IgA receptor was also
upregulated in HSP nephritis [160]. One with IgAN and one
with HSP in identical twins after adenovirus infection have
been reported [161]. It is evident that clinical symptoms are
triggered or aggravated after an episode of upper respiratory
tract infection in both diseases. However, the key factors
deciding the direction of systemic or local action of IgA-
containing immune-complexes after mucosal immunity
activation have not been identified.

Conclusions

IgA nephropathy is an IgAl-containing immune-complex-
mediated glomerulonephritis. Genetic factors are considered
to be involved in the initiation and progression of IgAN. The
cognate antigens of IgA remain unclear. Underglycosylation
of IgA1l is the key mechanism in the disease pathogenesis.
Aberrant mucosal immune response is linked to an enhanced
systemic IgA response, which results in elevated seral
levels of IgA1, polymeric, and underglycosylated in nature.
Abnormal leukocytes trafficking between mucosa, bone
marrow, and systemic lymphoid organs might also contribute
to the production of “mucosal type” pIgA from the bone
marrow. Glycan-specific IgG antibodies provide a second
hit leading to the development or progression of IgAN.
Underglycosylated IgA 1-containing immune-complexes bind
to mesangial cells via CD71 and results in mesangial
inflammation, matrix accumulation, glomerulosclerosis, and
further tubulointerstitial injury (Fig. 3).

Recent some breakthrough studies provide new insights
into disease pathogenesis and lead to new methods of
noninvasive diagnosis and monitoring patients with IgAN.
It also points to new possibilities for future research on
targeted therapy directed at inhibition of the interaction
between glycan-specific IgG and underglycosylated IgAl
molecules in IgAN. Anti-FcaRI or anti-CD71 antibodies
are also potential therapeutic tools to prevent the progression
of renal inflammation.

Mo,
2.« Humana Press

References

1. Berger J, Hinglas N (1968) Les depots intercapillaries d’IgA-IgG
(Intercapillary deposits of IgA-IgG). J Urol Nephrol (Paris)
74:694-695

2. Glassock RJ (2008) IgA nephropathy: challenges and opportunities.
Cleve Clin ] Med 75:569-576

3. Rai A, Nast C, Adler S (1999) Henoch-Schonlein purpura
nephritis. ] Am Soc Nephrol 10:2637-2644

4. Donadio JV, Grande JP (2002) IgA nephropathy. N Engl J Med
347:738-748

5. D’Amico G, Imbasciati E, Barbiano Di Belgioioso G et al (1985)
Idiopathic IgA mesangial nephropathy. Clinical and histological
study of 374 patients. Medicine (Baltimore) 64:49—-60

6. Berger J (1988) Recurrence of IgA nephropathy in renal
allografts. Am J Kidney Dis 12:371-372

7. Gharavi AG, Yan Y, Scolari F et al (2000) IgA nephropathy, the
most common cause of glomerulonephritis, is linked to 6q22-23.
Nat Genet 26:354-357

8. Bisceglia L, Cerullo G, Forabosco P et al (2006) Genetic
heterogeneity in Italian families with IgA nephropathy: suggestive
linkage for two novel IgA nephropathy loci. Am J Hum Genet
79:1130-1134

9. Schena FP, Cerullo G, Torres DD et al (2007) Searching for IgA
nephropathy candidate genes: genetic studies combined with
high throughput innovative investigations. Contrib Nephrol
157:80-89

10. Akira S, Uematsu S, Takeuchi O (2006) Pathogen recognition
and innate immunity. Cell 124:783-801

11. Suzuki H, Suzuki Y, Narita I et al (2008) Toll-like receptor 9
affects severity of IgA nephropathy. J Am Soc Nephrol 19:2384—
2395

12. Yoon HJ, Shin JH, Yang SH et al (2003) Association of the
CD14 gene —159 C polymorphism with progression of IgA
nephropathy. J Med Genet 40:104-108

13. Narita I, Goto S, Saito N et al (2001) Genetic polymorphisms in
the promoter and 5" UTR region of the Fc alpha receptor (CD89)
are not associated with a risk of IgA nephropathy. ] Hum Genet
46:694-698

14. Tsuge T, Shimokawa T, Horikoshi S, Tomino Y, Ra C (2001)
Polymorphism in promoter region of Fcalpha receptor gene in
patients with IgA nephropathy. Hum Genet 108:128-133

15. Vuong MT, Hahn-Zoric M, Lundberg S et al (2010) Association
of soluble CD89 levels with disease progression but not
susceptibility in IgA nephropathy. Kidney Int (in press)

16. Suzuki H, Fan R, Zhang Z et al (2009) Aberrantly glycosylated
IgAl in IgA nephropathy patients is recognized by IgG
antibodies with restricted heterogeneity. J Clin Invest
119:1668-1677

17. Tanaka Y, Suzuki Y, Tsuge T et al (2005) FcgammaRIla-131R
allele and FcgammaRIIla-176V/V genotype are risk factors for
progression of IgA nephropathy. Nephrol Dial Transplant
20:2439-2445

18. Xu G, He Q, Shou Z et al (2007) NA1/NA2 heterozygote of
Fegr3b is a risk factor for progression of IgA nephropathy in
Chinese. J Clin Lab Anal 21:298-302

19. Anders HJ, Vielhauer V, Schlondorff D (2003) Chemokines and
chemokine receptors are involved in the resolution or progression of
renal disease. Kidney Int 63:401-415

20. Michael NL, Louie LG, Rohrbaugh AL et al (1997) The role of
CCRS and CCR2 polymorphisms in HIV-1 transmission and
disease progression. Nat Med 3:1160-1162

21. Berthoux FC, Berthoux P, Mariat C, Thibaudin L, Afiani A,
Linossier MT (2006) CC-chemokine receptor five gene poly-
morphism in primary IgA nephropathy: the 32 bp deletion allele



Clinic Rev Allerg Immunol

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

is associated with late progression to end-stage renal failure with
dialysis. Kidney Int 69:565-572

Panzer U, Schneider A, Steinmetz OM et al (2005) The
chemokine receptor 5 Delta32 mutation is associated with
increased renal survival in patients with IgA nephropathy.
Kidney Int 67:75-81

Springer TA (1994) Traffic signals for lymphocyte recirculation
and leukocyte emigration: the multistep paradigm. Cell 76:301—
314

Takaeda M, Yokoyama H, Segawa-Takaeda C, Wada T,
Kobayashi K (2002) High endothelial venule-like vessels in the
interstitial lesions of human glomerulonephritis. Am J Nephrol
22:48-57

Suzuki Y, Tomino Y (2007) The mucosa-bone-marrow axis in
IgA nephropathy. Contrib Nephrol 157:70-79

Takei T, lida A, Nitta K et al (2002) Association between single-
nucleotide polymorphisms in selectin genes and immunoglobulin
A nephropathy. Am J Hum Genet 70:781-786

Watanabe Y, Inoue T, Okada H et al (2006) Impact of selectin
gene polymorphisms on rapid progression to end-stage renal
disease in patients with IgA nephropathy. Intern Med 45:947-951
Suzuki H, Suzuki Y, Yamanaka T et al (2005) Genome-wide scan
in a novel IgA nephropathy model identifies a susceptibility
locus on murine chromosome 10, in a region syntenic to human
IGAN1 on chromosome 6q22-23. J Am Soc Nephrol 16:1289—
1299

Fechally J, Farrall M, Boland A et al (2010) HLA has strongest
association with IgA nephropathy in genome-wide analysis. J
Am Soc Nephrol 21:1791-1797

Ebihara I, Hirayama K, Yamamoto S, Muro K, Yamagata K,
Koyama A (2001) Th2 predominance at the single-cell level in
patients with IgA nephropathy. Nephrol Dial Transplant
16:1783-1789

de Caestecker MP, Bottomley M, Telfer BA, Hutchinson 1V,
Vose BM, Ballardie FW (1993) Detection of abnormal peripheral
blood mononuclear cell cytokine networks in human IgA
nephropathy. Kidney Int 44:1298-1308

Yano N, Endoh M, Nomoto Y, Sakai H, Fadden K, Rifai A
(1997) Phenotypic characterization of cytokine expression in
patients with IgA nephropathy. J Clin Immunol 17:396-403
Bantis C, Heering PJ, Aker S, Klein-Vehne N, Grabensee B,
Ivens K (2004) Association of interleukin-10 gene G-1082A
polymorphism with the progression of primary glomerulonephri-
tis. Kidney Int 66:288-294

Bantis C, Heering PJ, Aker S, Schwandt C, Grabensee B, Ivens
K (2008) Influence of interleukin-10 gene G-1082A polymor-
phism on recurrent IgA nephropathy. J Nephrol 21:941-946
Chin HJ, Na KY, Kim SJ et al (2005) Interleukin-10 promoter
polymorphism is associated with the predisposition to the
development of IgA nephropathy and focal segmental glomer-
ulosclerosis in Korea. J Korean Med Sci 20:989-993

Lim CS, Kim YS, Chae DW et al (2005) Association of C-509T
and T869C polymorphisms of transforming growth factor-betal
gene with susceptibility to and progression of IgA nephropathy.
Clin Nephrol 63:61-67

Schena FP, Cerullo G, Torres DD et al (2006) Role of interferon-
gamma gene polymorphisms in susceptibility to IgA nephropathy: a
family-based association study. Eur J Hum Genet 14:488-496
Obara W, lida A, Suzuki Y et al (2003) Association of single-
nucleotide polymorphisms in the polymeric immunoglobulin
receptor gene with immunoglobulin A nephropathy (IgAN) in
Japanese patients. J] Hum Genet 48:293-299

Shimada S, Kawaguchi-Miyashita M, Kushiro A et al (1999)
Generation of polymeric immunoglobulin receptor-deficient
mouse with marked reduction of secretory IgA. J Immunol
163:5367-5373

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Ohtsubo S, lida A, Nitta K et al (2005) Association of a single-
nucleotide polymorphism in the immunoglobulin mu-binding
protein 2 gene with immunoglobulin A nephropathy. J Hum
Genet 50:30-35

Lou T, Zhang J, Gale DP et al (2010) Variation in IGHMBP?2 is
not associated with IgA nephropathy in independent studies of
UK Caucasian and Chinese Han patients. Nephrol Dial Transplant
25:1547-1554

Li GS, Zhang H, Lv JC, Shen Y, Wang HY (2007) Variants of
CIGALT] gene are associated with the genetic susceptibility to
IgA nephropathy. Kidney Int 71:448-453

Narita I, Kaneko Y, Kondo D, Goto S, Sakatsume M, Gejyo F
(2007) The genetic susceptibility to IgA nephropathy: a novel
functional candidate gene for incomplete O-glycosylation of
IgAl. Kidney Int 71:379-381

Pirulli D, Crovella S, Ulivi S et al (2009) Genetic variant of
C1GalT1 contributes to the susceptibility to IgA nephropathy. J
Nephrol 22:152-159

Zhu L, Tang W, Li G et al (2009) Interaction between variants of
two glycosyltransferase genes in IgA nephropathy. Kidney Int
76:190-198

Li GS, Zhu L, Zhang H et al (2007) Variants of the
ST6GALNAC2 promoter influence transcriptional activity and
contribute to genetic susceptibility to IgA nephropathy. Hum
Mutat 28:950-957

Zheng F, Kundu GC, Zhang Z, Ward J, DeMayo F, Mukherjee
AB (1999) Uteroglobin is essential in preventing immunoglobulin
A nephropathy in mice. Nat Med 5:1018-1025

Kim YS, Kang D, Kwon DY et al (2001) Uteroglobin gene
polymorphisms affect the progression of immunoglobulin A
nephropathy by modulating the level of uteroglobin expression.
Pharmacogenetics 11:299-305

Matsunaga A, Numakura C, Kawakami T et al (2002) Association
of the uteroglobin gene polymorphism with IgA nephropathy. Am J
Kidney Dis 39:36-41

Narita I, Saito N, Goto S et al (2002) Role of uteroglobin G38A
polymorphism in the progression of IgA nephropathy in
Japanese patients. Kidney Int 61:1853-1858

Szelestei T, Bahring S, Kovacs T et al (2000) Association of a
uteroglobin polymorphism with rate of progression in patients
with IgA nephropathy. Am J Kidney Dis 36:468-473

Yong D, QingQing W, Hua L et al (2006) Association of
uteroglobin G38A polymorphism with IgA nephropathy: a meta-
analysis. Am J Kidney Dis 48:1-7

Miyata T, Nangaku M, Suzuki D et al (1998) A mesangium-
predominant gene, megsin, is a new serpin upregulated in IgA
nephropathy. J Clin Invest 102:828-836

Suzuki D, Miyata T, Nangaku M et al (1999) Expression of
megsin mRNA, a novel mesangium-predominant gene, in the
renal tissues of various glomerular diseases. ] Am Soc Nephrol
10:2606-2613

Li YJ, Du 'Y, Li CX et al (2004) Family-based association study
showing that immunoglobulin A nephropathy is associated with
the polymorphisms 2093 C and 2180 T in the 3’ untranslated
region of the Megsin gene. ] Am Soc Nephrol 15:1739-1743
Lim CS, Kim SM, Oh YK et al (2008) Megsin 2093T-2180C
haplotype at the 3’ untranslated region is associated with poor
renal survival in Korean IgA nephropathy patients. Clin Nephrol
70:101-109

Maixnerova D, Merta M, Reiterova J et al (2008) The influence
of two megsin polymorphisms on the progression of IgA
nephropathy. Folia Biol (Praha) 54:40—45

XiaY, Li Y, Du Y et al (2006) Association of MEGSIN 2093C-
2180T haplotype at the 3’ untranslated region with disease
severity and progression of IgA nephropathy. Nephrol Dial
Transplant 21:1570-1574

Mo,
< Humana Press



Clinic Rev Allerg Immunol

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

71.

78.

Xia YF, Huang S, Li X et al (2006) A family-based association
study of megsin A23167G polymorphism with susceptibility and
progression of IgA nephropathy in a Chinese population. Clin
Nephrol 65:153-159

Higuchi T, Orita T, Nakanishi S et al (2004) Molecular cloning,
genomic structure, and expression analysis of MUC20, a novel
mucin protein, up-regulated in injured kidney. J Biol Chem
279:1968-1979

Li G, Zhang H, Lv J, Hou P, Wang H (2006) Tandem repeats
polymorphism of MUC20 is an independent factor for the
progression of immunoglobulin A nephropathy. Am J Nephrol
26:43-49

Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P,
Soubrier F (1990) An insertion/deletion polymorphism in the
angiotensin I-converting enzyme gene accounting for half the
variance of serum enzyme levels. J Clin Invest 86:1343—1346
Yong D, Qing WQ, Hua L et al (2006) Association of
angiotensin [-converting enzyme gene insertion/deletion poly-
morphism and IgA nephropathy: a meta-analysis. Am J Nephrol
26:511-518

Woo KT, Lau YK, Zhao Y et al (2007) Disease progression,
response to ACEI/ATRA therapy and influence of ACE gene in
IgA nephritis. Cell Mol Immunol 4:227-232

Rodriguez-Perez JC, Macias-Reyes A, Jimenez-Sosa A et al
(2009) A synergistic association of ACE I/D and eNOS G894T
gene variants with the progression of immunoglobulin A
nephropathy—a pilot study. Am J Nephrol 30:303-309

Pei Y, Scholey J, Thai K, Suzuki M, Cattran D (1997)
Association of angiotensinogen gene T235 variant with progression
of immunoglobin A nephropathy in Caucasian patients. J Clin
Invest 100:814-820

Jeunemaitre X, Soubrier F, Kotelevtsev YV et al (1992)
Molecular basis of human hypertension: role of angiotensinogen.
Cell 71:169-180

Cox SN, Sallustio F, Serino G et al (2010) Altered modulation of
WNT-beta-catenin and PI3K/Akt pathways in IgA nephropathy.
Kidney Int 78:396-407

Tio K, Nagasawa Y, Iwatani H et al (2010) Microarray analysis of
tonsils in immunoglobulin A nephropathy patients. Biochem
Biophys Res Commun 393:565-570

Vonica A, Rosa A, Arduini B, Brivanlou AH (2010) APOBEC2,
a selective inhibitor of TGFbeta signaling, regulates left-right axis
specification during early embryogenesis. Dev Biol (in press)
Narita 1, Gejyo F (2008) Pathogenetic significance of aberrant
glycosylation of IgAl in IgA nephropathy. Clin Exp Nephrol
12:332-338

Brandtzaeg P, Johansen FE (2005) Mucosal B cells: phenotypic
characteristics, transcriptional regulation, and homing properties.
Immunol Rev 206:32-63

Tomino Y (2010) Spontaneous animal model, ddY mouse, for
studying the pathogenesis and treatment in patients with
immunoglobulin A nephropathy. Nephrology 15:1-6

Monteiro RC (2010) Role of IgA and IgA fc receptors in
inflammation. J Clin Immunol 30:1-9

Galla JH (1995) IgA Nephropathy. Kidney Int 47:377-387
Conley ME, Cooper MD, Michael AF (1980) Selective deposition
of immunoglobulin Al in immunoglobulin A nephropathy,
anaphylactoid purpura nephritis, and systemic lupus erythematosus.
J Clin Invest 66:1432-1436

Suzuki H, Moldoveanu Z, Hall S et al (2008) IgA1-secreting cell
lines from patients with IgA nephropathy produce aberrantly
glycosylated IgAl. J Clin Invest 118:629-639

Mestecky J, Tomana M, Crowley-Nowick PA, Moldoveanu Z,
Julian BA, Jackson S (1993) Defective galactosylation and
clearance of IgA1 molecules as a possible etiopathogenic factor
in IgA nephropathy. Contrib Nephrol 104:172—182

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Hiki Y, Horii A, Iwase H et al (1995) O-linked oligosaccharide
on IgA1 hinge region in IgA nephropathy. Fundamental study for
precise structure and possible role. Contrib Nephrol 111:73-84
Allen AC, Harper SJ, Feehally J (1995) Galactosylation of N-
and O-linked carbohydrate moieties of IgAl and IgG in IgA
nephropathy. Clin Exp Immunol 100:470-474

Kokubo T, Hiki Y, Iwase H et al (1998) Protective role of IgAl
glycans against IgA1 self-aggregation and adhesion to extracellular
matrix proteins. ] Am Soc Nephrol 9:2048-2054

Novak J, Tomana M, Matousovic K et al (2005) IgA1-containing
immune complexes in IgA nephropathy differentially affect
proliferation of mesangial cells. Kidney Int 67:504-513

Wang Y, Zhao MH, Zhang YK, Li XM, Wang HY (2004)
Binding capacity and pathophysiological effects of IgAl from
patients with IgA nephropathy on human glomerular mesangial
cells. Clin Exp Immunol 136:168-175

. Monteiro RC, Moura IC, Launay P et al (2002) Pathogenic

significance of IgA receptor interactions in IgA nephropathy.
Trends Mol Med 8:464-468

Moldoveanu Z, Wyatt RJ, Lee JY et al (2007) Patients with IgA
nephropathy have increased serum galactose-deficient IgAl
levels. Kidney Int 71:1148-1154

Ju T, Brewer K, D’Souza A, Cummings RD, Canfield WM
(2002) Cloning and expression of human core 1 betal, 3-
galactosyltransferase. J Biol Chem 277:178-186

Iwasaki H, Zhang Y, Tachibana K et al (2003) Initiation of O-
glycan synthesis in IgA1 hinge region is determined by a single
enzyme, UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-
acetylgalactosaminyltransferase 2. J Biol Chem 278:5613-5621
Qin W, Zhou Q, Yang LC et al (2005) Peripheral B lymphocyte
betal, 3-galactosyltransferase and chaperone expression in
immunoglobulin A nephropathy. J Intern Med 258:467-477
Chintalacharuvu SR, Nagy NU, Sigmund N, Nedrud JG, Amm
ME, Emancipator SN (2001) T cell cytokines determine the
severity of experimental IgA nephropathy by regulating IgA
glycosylation. Clin Exp Immunol 126:326-333

Yamada K, Kobayashi N, lkeda T et al (2010) Down-regulation
of core 1 {beta}1, 3-galactosyltransferase and Cosmc by Th2
cytokine alters O-glycosylation of IgA 1. Nephrol Dial Transplant
25:3890-3897

Qin W, Zhong X, Fan JM, Zhang YJ, Liu XR, Ma XY (2008)
External suppression causes the low expression of the Cosmc gene
in IgA nephropathy. Nephrol Dial Transplant 23:1608-1614
Smith AC, de Wolff JF, Molyneux K, Fechally J, Barratt J (2006)
O-glycosylation of serum IgD in IgA nephropathy. ] Am Soc
Nephrol 17:1192-1199

Xie Y, Chen X, Nishi S, Narita I, Gejyo F (2004) Relationship
between tonsils and IgA nephropathy as well as indications of
tonsillectomy. Kidney Int 65:1135-1144

Kiyono H, Fukuyama S (2004) NALT- versus Peyer’s-patch-
mediated mucosal immunity. Nat Rev Immunol 4:699-710
Brandtzaeg P (2010) Function of mucosa-associated lymphoid
tissue in antibody formation. Immunol Invest 39:303-355
Cerutti A (2008) The regulation of IgA class switching. Nat Rev
Immunol 8:421-434

Fagarasan S, Honjo T (2003) Intestinal IgA synthesis: regulation
of front-line body defences. Nat Rev Immunol 3:63-72
Fagarasan S, Kawamoto S, Kanagawa O, Suzuki K (2010)
Adaptive immune regulation in the gut: T cell-dependent and
T cell-independent IgA synthesis. Annu Rev Immunol
28:243-273

Puga I, Cols M, Cerutti A (2010) Innate signals in mucosal
immunoglobulin class switching. J Allergy Clin Immunol
126:889-895

McCarthy DD, Chiu S, Gao Y, Summers-deLuca LE, Gommerman
JL (2006) BAFF induces a hyper-IgA syndrome in the intestinal



Clinic Rev Allerg Immunol

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

lamina propria concomitant with IgA deposition in the kidney
independent of LIGHT. Cell Immunol 241:85-94

Tezuka H, Abe Y, Iwata M et al (2007) Regulation of IgA
production by naturally occurring TNF/iNOS-producing dendritic
cells. Nature 448:929-933

He B, Santamaria R, Xu W et al (2010) The transmembrane activator
TACI triggers immunoglobulin class switching by activating B cells
through the adaptor MyD88. Nat Immunol 11:836-845
Macpherson AJ, McCoy KD, Johansen FE, Brandtzaeg P (2008)
The immune geography of IgA induction and function. Mucosal
Immunol 1:11-22

Uren TK, Johansen FE, Wijburg OL, Koentgen F, Brandtzaeg P,
Strugnell RA (2003) Role of the polymeric Ig receptor in
mucosal B cell homeostasis. J Immunol 170:2531-2539

Coppo R (1988) The pathogenetic potential of environmental
antigens in IgA nephropathy. Am J Kidney Dis 12:420-424
Russell MW, Mestecky J, Julian BA, Galla JH (1986) IgA-
associated renal diseases: antibodies to environmental antigens in
sera and deposition of immunoglobulins and antigens in
glomeruli. J Clin Immunol 6:74-86

Smerud HK, Fellstrom B, Hallgren R, Osagie S, Venge P,
Kristjansson G (2009) Gluten sensitivity in patients with IgA
nephropathy. Nephrol Dial Transplant 24:2476-2481

Sharmin S, Shimizu Y, Hagiwara M, Hirayama K, Koyama A
(2004) Staphylococcus aureus antigens induce IgA-type glomer-
ulonephritis in Balb/c mice. J Nephrol 17:504-511

Yamamoto C, Suzuki S, Kimura H, Yoshida H, Gejyo F (2002)
Experimental nephropathy induced by Haemophilus parainfluenzae
antigens. Nephron 90:320-327

Amore A, Coppo R, Nedrud JG, Sigmund N, Lamm ME,
Emancipator SN (2004) The role of nasal tolerance in a model of
IgA nephropathy induced in mice by Sendai virus. Clin Immunol
113:101-108

Jessen RH, Emancipator SN, Jacobs GH, Nedrud JG (1992)
Experimental IgA-IgG nephropathy induced by a viral respiratory
pathogen. Dependence on antigen form and immune status. Lab
Invest 67:379-386

Emancipator SN, Gallo GR, Lamm ME (1983) Experimental IgA
nephropathy induced by oral immunization. ] Exp Med 157:572-582
Coppo R, Mazzucco G, Martina G et al (1989) Gluten-induced
experimental IgA glomerulopathy. Lab Invest 60:499-506
Kusano K, Inokuchi A, Fujimoto K et al (2010) Coccoid
Helicobacter pylori exists in the palatine tonsils of patients with
IgA nephropathy. J Gastroenterol 45:406-412

Coppo R, Camilla R, Amore A et al (2010) Toll-like receptor 4
expression is increased in circulating mononuclear cells of patients
with immunoglobulin A nephropathy. Clin Exp Immunol 159:73-81
Duan B, Morel L (2006) Role of B-la cells in autoimmunity.
Autoimmun Rev 5:403-408

Magyarlaki T, Davin JC, Szabados E, Kocsis B, Nagy J (1990)
Peripheral B-lymphocyte markers and function in IgA nephropathy.
Clin Nephrol 33:123-129

Kodama S, Suzuki M, Arita M, Mogi G (2001) Increase in
tonsillar germinal centre B-1 cell numbers in IgA nephropathy
(IgAN) patients and reduced susceptibility to Fas-mediated
apoptosis. Clin Exp Immunol 123:301-308

Yuling H, Ruijing X, Xiang J et al (2008) CD19+CD5+ B cells
in primary IgA nephropathy. J] Am Soc Nephrol 19:2130-2139
Buck KS, Foster EM, Watson D et al (2002) Expression of T cell
receptor variable region families by bone marrow gammadelta T
cells in patients with IgA nephropathy. Clin Exp Immunol
127:527-532

Olive C, Allen AC, Harper SJ, Wicks AC, Feehally J, Falk MC
(1997) Expression of the mucosal gamma delta T cell receptor V
region repertoire in patients with IgA nephropathy. Kidney Int
52:1047-1053

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Toyabe S, Harada W, Uchiyama M (2001) Oligoclonally
expanding gammadelta T lymphocytes induce IgA switching in
IgA nephropathy. Clin Exp Immunol 124:110-117

Horie A, Hiki Y, Odani H et al (2003) IgA1 molecules produced
by tonsillar lymphocytes are under-O-glycosylated in IgA
nephropathy. Am J Kidney Dis 42:486-496

Inoue T, Sugiyama H, Hiki Y et al (2010) Differential expression
of glycogenes in tonsillar B lymphocytes in association with
proteinuria and renal dysfunction in IgA nephropathy. Clin
Immunol 136:447-455

Huang H, Peng Y, Liu H, Yang X, Liu F (2010) Decreased
CD4+CD25+ cells and increased dimeric IgA-producing cells in
tonsils in IgA nephropathy. J Nephrol 23:202-209

Harper SJ, Allen AC, Bene MC et al (1995) Increased dimeric
IgA-producing B cells in tonsils in IgA nephropathy determined
by in situ hybridization for J chain mRNA. Clin Exp Immunol
101:442-448

Coppo R (2010) Can a dysregulated mucosal immune system in
IgA nephropathy be controlled by tonsillectomy? Nephrol Dial
Transplant 25:2395-2397

Oortwijn BD, Rastaldi MP, Roos A, Mattinzoli D, Daha MR, van
Kooten C (2007) Demonstration of secretory IgA in kidneys of patients
with IgA nephropathy. Nephrol Dial Transplant 22:3191-3195

van den Wall Bake AW, Daha MR, Evers-Schouten J, van Es LA
(1988) Serum IgA and the production of IgA by peripheral blood
and bone marrow lymphocytes in patients with primary IgA
nephropathy: evidence for the bone marrow as the source of
mesangial IgA. Am J Kidney Dis 12:410-414

Harper SJ, Pringle JH, Wicks AC et al (1994) Expression of J
chain mRNA in duodenal IgA plasma cells in IgA nephropathy.
Kidney Int 45:836-844

Westberg NG, Baklien K, Schmekel B, Gillberg R, Brandtzaeg P
(1983) Quantitation of immunoglobulin-producing cells in small
intestinal mucosa of patients with IgA nephropathy. Clin
Immunol Immunopathol 26:442-445

Roodnat JI, de Fijter JW, van Kooten C, Daha MR, van Es LA
(1999) Decreased IgA1 response after primary oral immunization
with live typhoid vaccine in primary IgA nephropathy. Nephrol
Dial Transplant 14:353-359

de Fijter JW, Eijgenraam JW, Braam CA et al (1996) Deficient
IgAl immune response to nasal cholera toxin subunit B in
primary IgA nephropathy. Kidney Int 50:952-961

Layward L, Finnemore AM, Allen AC, Harper SJ, Feehally J
(1993) Systemic and mucosal IgA responses to systemic antigen
challenge in IgA nephropathy. Clin Immunol Immunopathol
69:306-313

van den Wall Bake AW, Beyer WE, Evers-Schouten JH et al (1989)
Humoral immune response to influenza vaccination in patients with
primary immunoglobulin A nephropathy. An analysis of isotype
distribution and size of the influenza-specific antibodies. J Clin
Invest 84:1070-1075

Smith AC, Molyneux K, Fechally J, Barratt J (2006) O-
Glycosylation of Serum IgA1l Antibodies against Mucosal and
Systemic Antigens in IgA Nephropathy. J Am Soc Nephrol
17:3520-3528

Barratt J, Eitner F, Feehally J, Floege J (2009) Immune complex
formation in IgA nephropathy: a case of the ‘right” antibodies in
the ‘wrong’ place at the ‘wrong’ time? Nephrol Dial Transplant
24:3620-3623

Kunkel EJ, Butcher EC (2003) Plasma-cell homing. Nat Rev
Immunol 3:822-829

Batra A, Smith AC, Feehally J, Barratt J (2007) T-cell homing
receptor expression in IgA nephropathy. Nephrol Dial Transplant
22:2540-2548

Schena FP, Pastore A, Ludovico N, Sinico RA, Benuzzi S,
Montinaro V (1989) Increased serum levels of IgAl-IgG

Mo,
< Humana Press



Clinic Rev Allerg Immunol

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

immune complexes and anti-F(ab’)2 antibodies in patients with
primary IgA nephropathy. Clin Exp Immunol 77:15-20

Novak J, Julian BA, Tomana M, Mestecky J (2008) IgA
glycosylation and IgA immune complexes in the pathogenesis
of IgA nephropathy. Semin Nephrol 28:78-87

van der Boog PJ, van Kooten C, de Fijter JW, Daha MR (2005)
Role of macromolecular IgA in IgA nephropathy. Kidney Int
67:813-821

Baldree LA, Wyatt RJ, Julian BA, Falk RJ, Jennette JC (1993)
Immunoglobulin A-fibronectin aggregate levels in children and
adults with immunoglobulin A nephropathy. Am J Kidney Dis
22:1-4

Chowdhury B, Zhang Z, Mukherjee AB (2008) Uteroglobin
interacts with the heparin-binding site of fibronectin and prevents
fibronectin-IgA complex formation found in IgA-nephropathy.
FEBS Lett 582:611-615

Grossetete B, Launay P, Lehuen A, Jungers P, Bach JF, Monteiro
RC (1998) Down-regulation of Fc alpha receptors on blood cells
of IgA nephropathy patients: evidence for a negative regulatory
role of serum IgA. Kidney Int 53:1321-1335

van der Boog PJ, De Fijter JW, Van Kooten C et al (2003)
Complexes of IgA with FcalphaRI/CD89 are not specific for
primary IgA nephropathy. Kidney Int 63:514-521

Launay P, Grossetete B, Arcos-Fajardo M et al (2000) Fcalpha
receptor (CD89) mediates the development of immunoglobulin
A (IgA) nephropathy (Berger’s disease). Evidence for pathogenic
soluble receptor-Iga complexes in patients and CD89 transgenic
mice. J Exp Med 191:1999-2009

Nieuwhof C, Kruytzer M, Frederiks P, van Breda Vriesman PJ
(1998) Chronicity index and mesangial IgG deposition are risk
factors for hypertension and renal failure in early IgA nephropathy.
Am J Kidney Dis 31:962-970

Glassock RJ (2009) Analyzing antibody activity in IgA
nephropathy. J Clin Invest 119:1450-1452

Leung JC, Tsang AW, Chan DT, Lai KN (2000) Absence of CDS89,
polymeric immunoglobulin receptor, and asialoglycoprotein receptor
on human mesangial cells. J Am Soc Nephrol 11:241-249
McDonald KJ, Cameron AJ, Allen JM, Jardine AG (2002)
Expression of Fc alpha/mu receptor by human mesangial cells: a
candidate receptor for immune complex deposition in IgA
nephropathy. Biochem Biophys Res Commun 290:438-442

Lai KN (2009) Recent advances in IgA nephropathy. World
Scientific, Hackensack

Hiemstra PS, Biewenga J, Gorter A et al (1988) Activation of
complement by human serum IgA, secretory IgA and IgAl
fragments. Mol Immunol 25:527-533

Roos A, Bouwman LH, van Gijlswijk-Janssen DJ, Faber-Krol
MC, Stahl GL, Daha MR (2001) Human IgA activates the
complement system via the mannan-binding lectin pathway. J
Immunol 167:2861-2868

Hisano S, Matsushita M, Fujita T, Endo Y, Takebayashi S (2001)
Mesangial IgA2 deposits and lectin pathway-mediated complement
activation in IgA glomerulonephritis. Am J Kidney Dis 38:1082—
1088

Roos A (2006) Glomerular activation of the lectin pathway of
complement in IgA nephropathy is associated with more severe
renal disease. ] Am Soc Nephrol 17:1724-1734

Espinosa M, Ortega R, Gomez-Carrasco JM et al (2009)
Mesangial C4d deposition: a new prognostic factor in IgA
nephropathy. Nephrol Dial Transplant 24:886—-891

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Allen AC, Willis FR, Beattie TJ, Feehally J (1998) Abnormal
IgA glycosylation in Henoch-Schonlein purpura restricted to
patients with clinical nephritis. Nephrol Dial Transplant
13:930-934

Levinsky RJ, Barratt TM (1979) IgA immune complexes in
Henoch-Schonlein purpura. Lancet 2:1100-1103

Haddad E, Moura IC, Arcos-Fajardo M et al (2003) Enhanced
expression of the CD71 mesangial IgAl receptor in Berger
disease and Henoch-Schonlein nephritis: association between
CD71 expression and IgA deposits. J Am Soc Nephrol
14:327-337

Meadow SR, Scott DG (1985) Berger disease: Henoch-
Schonlein syndrome without the rash. J Pediatr 106:27-32
Akiyama F, Tanaka T, Yamada R et al (2002) Single-nucleotide
polymorphisms in the class II region of the major histocompat-
ibility complex in Japanese patients with immunoglobulin A
nephropathy. J] Hum Genet 47:532-538

Cao HX, Li M, Nie J, Wang W, Zhou SF, Yu XQ (2008) Human
leukocyte antigen DRBI1 alleles predict risk and disease
progression of immunoglobulin A nephropathy in Han Chinese.
Am J Nephrol 28:684-691

Brabcova I, Tesar V, Honsova E et al (2010) Association of
advanced vasculopathy and transforming growth factor-betal
gene expression with immunoglobulin A nephropathy progression.
Nephrol Dial Transplant (in press)

Vuong MT, Lundberg S, Gunnarsson I et al (2009) Genetic
variation in the transforming growth factor-betal gene is
associated with susceptibility to IgA nephropathy. Nephrol Dial
Transplant 24:3061-3067

Masutani K, Miyake K, Nakashima H et al (2003) Impact of
interferon-gamma and interleukin-4 gene polymorphisms on
development and progression of IgA nephropathy in Japanese
patients. Am J Kidney Dis 41:371-379

Narita I, Kondo D, Goto S et al (2001) Association of gene
polymorphism of polymeric immunoglobulin receptor and IgA
nephropathy. Intern Med 40:867-872

Shu KH, Lee SH, Cheng CH, Wu MJ, Lian JD (2000) Impact
of interleukin-1 receptor antagonist and tumor necrosis factor-
alpha gene polymorphism on IgA nephropathy. Kidney Int
58:783-789

Tuglular S, Berthoux P, Berthoux F (2003) Polymorphisms of
the tumour necrosis factor alpha gene at position —308 and TNFd
microsatellite in primary IgA nephropathy. Nephrol Dial Transplant
18:724-731

Hahn WH, Cho BS, Kim SD, Kim SK, Kang S (2009)
Interleukin-1 cluster gene polymorphisms in childhood IgA
nephropathy. Pediatr Nephrol 24:1329-1336

Watanabe M, Iwano M, Akai Y et al (2002) Association of
interleukin-1 receptor antagonist gene polymorphism with IgA
nephropathy. Nephron 91:744-746

Malycha F, Eggermann T, Hristov M et al (2009) No evidence
for a role of cosmc-chaperone mutations in European IgA
nephropathy patients. Nephrol Dial Transplant 24:321-324

Lau YK, Woo KT, Choong HL et al (2004) Renin-angiotensin
system gene polymorphisms: its impact on IgAN and its
progression to end-stage renal failure among Chinese in
Singapore. Nephron Physiol 97:1-8

Maruyama K, Yoshida M, Nishio H et al (2001) Polymorphisms
of renin-angiotensin system genes in childhood IgA nephropathy.
Pediatr Nephrol 16:350-355



	Genetics and Immunopathogenesis of IgA Nephropathy
	Abstract
	Introduction
	Genetic Factors
	IgA Immune System
	Biological Function of Circulating IgA and IgA Receptors
	Underglycosylation of IgA in IgA Nephropathy
	Mucosal IgA Response
	Aberrant Mucosal Immunity and IgA Nephropathy
	“Mucosa-bone Marrow Axis”—Homing of Lymphocytes in IgA Nephropathy
	IgA-Containing Immune Complexes in Circulation and Kidney in IgAN
	IgA Nephropathy and Henoch–Schonlein Purpura
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


