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Dysfunctions of the Iga system: a common link between
intestinal and renal diseases
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Immunoglobulin A (Iga)-isotype antibodies play an important role in immunity owing to their structure, glycosylation, localization and

receptor interactions. Dysfunctions in this system can lead to multiple types of pathology. This review describes the characteristics of

Iga and discusses the involvement of abnormalities in the Iga system on the development of celiac disease and Iga nephropathy.
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INTRODUCTION

Immunoglobulin A (Iga) is a relatively unique antibody isotype in

humans due to its heterogeneity in molecular forms, subclasses and

glycosylation, as well as its multiple roles, which vary from protection

of mucosal surfaces to prevention of autoimmunity and development of

inflammation.1,2 Iga antibodies are by far the most abundant antibody

isotype in humans and are differentially distributed between the systemic

and mucosal immune system. Around 66 mg/kg of Iga are produced

daily, particularly at epithelial sites, which considerably exceeds the pro-

duction of all other immunoglobulin classes in the body.3 Serum Iga, the

second most abundant isotype in circulation, consists mainly of mono-

mers produced by bone marrow plasma cells,1 whereas secretory Iga

(SIga) molecules are synthesized as dimers by local plasma cells before

being transported to mucosal surfaces via epithelial cells, based on their

interaction with the polymeric Ig receptor (pIgR).4 Signals delivered by

monomeric serum Iga (mIga) are essential in controlling the immune

system by preventing the development of autoimmunity and inflam-

mation. Polymeric Iga (pIga) participates in immune responses by induc

ing the activation of eosinophils, neutrophils, monocytes and macro

phages. However, aggregated IgA can also be deleterious to the host by

inducing inflammatory diseases in various organs. This review highlights

recent data that are important for understanding the role of IgA and its

dysfunctions in the development of intestinal and renal diseases.

STRUCTURE OF IgA

IgA displays a T-shaped structure, which differs from the common Y

shape of other Ig molecules.5 The monomeric structural unit of IgA

comprises two identical heavy chains and two identical light chains

corresponding to a total size of 160 kDa. In humans, the light chain

contains one variable and one constant region, whereas the heavy

chain is composed of three constant regions (CH1, CH2 and CH3).

The latter has a molecular mass around 60 kDa, slightly larger than

that of IgG because of its heavier glycosylation. The N-terminal vari-

able region, the CH1 of one heavy chain and the entire light chain

constitute the Fab fragment, which is responsible for antigen recog-

nition. The remaining two or three constant domains of the heavy

chains constitute the C-terminal Fc fragment, which mediates inter-

actions with various receptors and effector molecules.6 The two Fab

regions and the Fc region of a monomeric IgA molecule are separated

by a flexible hinge region. With the exception of the upper domains of

the Fc region (the CH1 domains), the domains are arranged in pairs,

stabilized by numerous non-covalent trans interactions.7

In humans, IgAs are divided into closely related subclasses, IgA1 and

IgA2, which differ by the absence of a 13-amino acid sequence in the

hinge region of the IgA2 molecule.1 The lack of this region in IgA2

allows it to be resistant to the action of bacterial proteases (i.e., those

from Streptococcus mutants, Neisseria meningitidis and Haemophilus

influenzae) that cleave IgA1 in the hinge region and may underlie the

predominance of IgA2 in mucosal secretions.7

IgA SYNTHESIS

The forms of IgA in serum and mucosal secretions, the two main

compartments in which these antibodies are found, differ. In serum,

IgA exists mainly in its monomeric form (about 85–90%). This form is

produced in the bone marrow and in some peripheral lymphoid

organs by plasma cells derived from B cells activated in lymph nodes.8

The ratio of IgA1/IgA2 in blood is about 10 : 1. IgA constitutes one-

fifth of the total Ig pool due to a rapid catabolism (half life: 3–6 days).

In mucosal secretions (saliva, colostrum, gastrointestinal fluids and

urine), local plasma cells produce IgA in its polymeric form (pIgA).

pIgA exists almost exclusively as dimers linked by a polypeptide called

the J chain, and the ratio of IgA1/IgA2 in mucosa is about 3 : 2. The

percentage about 12% of pIgA in the serum is low.9

Naive B-cell precursors of IgA-secreting plasma cells are activated in

Peyer’s patches and mesenteric lymph nodes. Class switching of naive

B lymphocytes to produce IgA occurs following stimulation with

transforming growth factor-b and other cytokines (interleukin-4

(IL-4), IL-6 and IL-10) in the organized lymphoid tissues of the
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gut-associated lymphoid tissue.10 After B-cell activation and differ-

entiation, the resulting lymphoblasts upregulate the expression of the

gut-homing receptors a4b7, CCR9 and/or CCR10, recirculate via the

thoracic duct, and home to the intestinal lamina propria.11 Once in the

lamina propria, plasma cells synthesize and secrete intact J chain-

linked IgA dimers with increased avidity for antigen into the sube-

pithelial space.12 To reach target antigens in the gut lumen, the IgA

molecules must be transported across the epithelium. This process is

performed by immature epithelial cells located at the base of the

intestinal crypts, which express the pIgR on their basolateral surfaces.

This receptor has a high affinity for J chain-linked polymeric immu-

noglobulins and transports the antibody by transcytosis to the laminal

surface of the epithelium, where it is released by proteolytic cleavage of

the extracellular domain of the pIgR. Part of the cleaved receptor

remains associated with the IgA and is known as secretory component,

while the resulting antibody is referred as SIgA.13

Interestingly, there are substantial differences in the IgA system

between species, particularly in man compared to mouse and rat.

While two IgA subclasses are recognized in humans, only one class

exists in mice and rats and it contains a shorter hinge region.14 Serum

IgA is mostly monomeric in humans and polymeric in mice. Clearance

via the hepatobiliary route plays an important role in mice, but not in

humans.1 Moreover, in humans intestinal SIgA originates only from

the gut-associated lymphoid tissue, but is generated from two sources

in mice: B2 lymphocytes in organized germinal centers of mucosal

lymphoid tissues such as Peyer’s patches (T lymphocyte-dependent

IgA production) and B1 lymphocytes developed in the peritoneal

cavity and distributed in the intestinal lamina propria (T lympho-

cyte-independent IgA production).7

IgA GLYCOSYLATION

IgA is the most glycosylated form of Ig. Both subclasses carry a num-

ber of N-linked carbohydrates, contributing 6–7% of molecular mass

of IgA1 and 8–10% of IgA2.15 The heavy chains of IgA1 molecules

contain a unique insertion in the hinge-region segment between the

CH1 and CH2 region domains, unlike in IgA2. This hinge region has a

high content of proline, serine and threonine residues, the last two

being the sites of attachment of up to five O-linked glycan chains

consisting of N-acetylgalactosamine (GalNAc).16 Galactose (Gal)

may be linked to the GalNAc by a specific enzyme, b-1,3-galactosyl-

transferase, to form the disaccharide Gal-b-1,3-GalNAc. Gal chains

may be extended with one or two sialic acid (NeuAc) units that are

added by a-2,3-sialyltransferases. Sialic acid units may also be added

to GalNAc by a-2,6-sialyltransferases. It is noteworthy, however, that

the carbohydrate composition of the O-linked glycans in the hinge

region of serum IgA1 is heterogeneous. The most common forms

include GalNAc-Gal disaccharide and its mono- and di-sialylated

forms. Gal-deficient variants with terminal GalNAc or sialylated

GalNAc exist, but represent a minor percentage of the O-glycans in

serum IgA1.16 SIgA contains a secretory component with seven N-

glycosylation sites and a J chain with one N-glycan. Secretory com-

ponent, through its carbohydrate residues, ensures the appropriate in

vivo localization of SIgA by anchoring it to the mucosal lining of the

epithelial surface and protects against bacterial infections.17

IgA FUCTION

SIgA molecules in the intestinal lumen serve a variety of functions at

three anatomical levels in the mucosal epithelium. In the gut lumen,

high-affinity IgA antibodies from T cell-dependent pathways bind to

the layer of mucus, prevent the adherence and invasion of pathogenic

microorganisms and neutralize pathogen toxins or enzymes.18

Conversely, low-affinity IgA emerging from T cell-independent path-

ways sequester commensal bacteria of the intestinal lumen through a

process known as ‘immune exclusion’.10 SIgA can inhibit the entry of

these bacteria by surrounding pathogens with a hydrophilic shell that

is repelled by the mucin glycocalyx at mucosal surfaces.14 IgA in transit

through the epithelium can bind to proinflammatory antigens that

then are neutralized once in the luminal side. Moreover, SIgA can

inhibit virus production via intracellular interception of viral anti-

gens during transepithelial IgA transport.18 In the lamina propria,

IgA bind and transport antigens into the lumen via the pIgR at the

basolateral side of the epithelial cells by transcytosis or using FcaRI-

bearing phagocytes.14 In addition to controlling pathogens and com-

mensals, IgA antibodies inside epithelial cells neutralize microbial

products that have proinflammatory activity, such as lipopolysac-

charide.4 Hence, IgA can play a role both at normal conditions and

in infection.

SIgA has little capacity to activate the classical pathway of

complement or to act as an opsonin, so cannot induce inflammation.

Its main function is to limit the access of pathogens to mucosal sur-

faces without risking inflammatory damage to these fragile tissues. It

seems that our adaptive immune system drives the diversification of

bacterial surface structures by exposing the bacteria in the gut to

IgA.19 IgA can further participate in intestinal homeostasis by inter-

acting with the local microbiota and contributing to restriction of

these organisms to the gut lumen.10 In principle, deregulation of

intestinal antibody responses to commensal bacteria might result in

an excessive innate immune response, which in turn could precipitate

or aggravate intestinal inflammation. For instance, in patients with

Crohn’s disease, IgG and IgA antibodies against Saccharomyces cere-

visiae or microbial flagellin may play a role in shaping the micro-

biota20 with effects on both the host and the microorganism.

Altogether, the available evidence suggests that IgA is important not

only to sequester bacteria in the intestinal lumen, but also to shape the

overall composition of the intestinal microbiota. Deregulation of these

processes may trigger inflammatory disorders in the intestine like

celiac disease (CD) or Crohn’s disease or in other organs such as

the kidney in IgA nephropathy (IgAN).

Whereas the role of SIgA in mucosal immunology is established, the

function of serum IgA antibodies is largely unknown. In humans, IgA

plays both pro- and anti-inflammatory roles and interfaces with the

mucosal and systemic immune systems.21 In general, mIgA antibodies

are particularly abundant in systemic compartments and the major

role of serum mIgA in physiology is as a powerful anti-inflammatory

effector of the immune system.22 Several groups have demonstrated

that in the absence of antigen, serum IgA downregulates IgG-mediated

phagocytosis, chemotaxis, bactericidal activity, oxidative burst activity

and cytokine release.23–29 These IgA monomers may initiate FcaRI-

mediated non-inflammatory responses against bacteria that breach

the mucosal barrier.30 Another piece of data supporting the inhibitory

role of serum mIgA is the observation that selective IgA-deficient

patients frequently present allergies and autoimmunity.31 On the con-

trary, pIgA and IgA containing immune complexes (ICs) may trigger

inflammatory responses by blood leukocytes through IgA Fc receptors

in a non-mucosal context. Indeed, IgA polymers are frequently found

in several autoimmune conditions and might be an aggravating factor

in IgAN, as recently shown in a spontaneous model of this disease.32 At

the same time, the interaction of serum IgA with FcaRI on tissue

phagocytic cells can act as a second line of defense in the case of

bacterial infections following penetration across the mucosal barrier.33
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In any case, this dual nature of IgA molecules is mainly due to

their heterogeneity in molecular forms and their interaction with

IgA receptors.

IgA receptors

The anti-inflammatory action of serum mIgA was an enigma until the

discovery of IgA Fc receptors. Fc receptors are defined by their spe-

cificity for the Fc fragment of immunoglobulin isotypes, and receptors

for IgA are referred to as FcaR.14 Although they are not structurally

related, there are five types of IgA receptors. Three are considered bona

fide FcaRs. The first one is designated FcaRI (CD89) and is a receptor

specific for IgA that is capable of binding both human IgA1 and IgA2

subclasses. The second type is the pIgR, which is expressed on the

surface of epithelial cells in the mucosa and participates in the trans-

cytosis of IgM and dimeric IgA across epithelial barriers. The third

receptor type Fca/mR binds IgA and IgM and is expressed by the

majority of B cells and macrophages.2 The two alternative IgA recep-

tors are the asialoglycoprotein receptor, expressed on hepatocytes,

which recognizes terminal Gal residues on serum glycoproteins

(including IgA) and conveys bound ligand for intracellular degrada-

tion, and the transferrin receptor (TfR), which selectively binds pIgA1

and is highly expressed on renal mesangial cells.34

Of these IgA receptors, the FcaRI plays an essential anti-inflammatory

role in immunity allowing the transmission of inhibitory signals follow-

ing binding of mIgA. FcaRI is expressed on cells of the myeloid lineage

including: neutrophils; monocytes; tonsillar, splenic, and alveolar

macrophages and Kupffer cells; eosinophils; and subpopulations of

dendritic cells.35 FcaRI can bind both IgA1 and IgA2 with moderate

affinity (Ka<106 M21) at the boundary between the CH2 and CH3

domains. This receptor has been shown to bind pIgA and IgA ICs with

greater avidity than mIgA.21 Analysis of the FcaRI three-dimensional

structure reveals that it binds IgA differently than other Ig isotypes. Its

two Ig-like domains are oriented at right angles and two FcaRI mole-

cules can bind one IgA molecule in the EC1 domain (Figure 1) at a site

completely different from the other FcRs, yielding a 2 : 1 stoichiometry

compared to the 1 : 1 stoichiometry of IgE and IgG to their FcRs.36 The

FcaRI gene is not located in the FcR gene cluster but on chromosome 19,

inside the leukocyte receptor cluster. Interestingly, as with IgA, FcaRI

also differs substantially between species as mice fail to express an FcaRI

homolog. This receptor is a transmembrane protein called a-chain in

which the binding site is localized in the extra-cellular domain D1. This

single a-chain does not transmit activation. However, the a-chain of

FcaRI can be associated with a homodimer of c-chains capable of activ-

ating the cell due to the presence of an immunoreceptor tyrosine-based

activation motif (ITAM)-signaling motif.37

We have demonstrated for the first time that monovalent targeting

of FcaRI by mIgA inhibits IgG-mediated phagocytosis in human

monocytes,30 which explains the previously reported inhibitory func-

tions of serum mIgA.23–25,27–29 More importantly, we have been able

to show that FcaRI-mediated inhibition is not mediated by conven-

tional inhibitory motifs such as the immunoreceptor tyrosine-based

inhibition motif. While c-less FcaRI recycles mIgA, thus playing an

essential role in mIgA homeostasis, FcRc-associated FcaRI mediates

either activating or inhibitory responses.30 This receptor acts as a dual

receptor, depending on whether the ligand is present as a multimer or

a monomer. Hence, binding of mIgA to FcaRI leads to reduced phos-

phorylation of an ITAM embedded within the FcRc chain and elicits

recruitment of src homology domain 2-containing protein-tyrosine

phosphatase-1, a signal inhibitor that prevents inflammation by inter-

fering with the activation of multiple signaling pathways. Conversely,

crosslinking of the FcaRI by pIgA causes inflammation by triggering

full phosphorylation of FccR and subsequent recruitment of Syk, a

protein tyrosine kinase linked to multiple proinflammatory signaling

pathways.30,38

Thus, IgA-containing ICs that are retrotranscytosed across epithelial

cells may initiate non-inflammatory or inflammatory immune responses,

depending on the monomeric or polymeric nature of the IgA. Monova-

lent targeting of FcaRI anti-FcaRI Fab fragments prevented asthma or

nephritis development in FcaRI transgenic mice.30,38 Enhanced FcaRI

surface expression has been observed on eosinophils from allergic pati-

ents39 and on monocytes from patients with gram-negative bacteremia.40

Increased levels of IgA antibodies against allergens and bacterial antigens

have been documented in the sputum of atopic asthmatic individuals.

Whether increased FcaRI expression exerts a protective or harmful role in

these diseases remains to be established.

Another receptor that leads to the implication of IgA in mucosal

immunity is the TfR, also known as CD71. TfR is a homodimeric

transmembrane glycoprotein that is ubiquitously expressed except

on erythrocytes. TfR is also expressed on the surface of mesangial cells

and binds to IgA1, with a higher affinity to polymeric hypoglycosy-

lated forms, compared with FcaRI. We, together with Nadine Cerf-

Bensoussan’s group, have recently shown that TfR can also mediate

the apical-to-basolateral transcytosis of antigens bound to IgA across

duodenal epithelial cells.41

IgA DYSFUNCTIONS IN INTESTINAL AND RENALl DISEASESZ

Dysfunction in the intestine: the example of Celiac Disease

An important aspect of IgA is its utility as a diagnostic biomarker in

several diseases, such as celiac and Crohn’s diseases. CD is an auto-

immune disease triggered by a dysregulated immune response

to wheat gluten proteins, particularly gliadins, in genetically pre-

disposed individuals. CD is characterized by villous atrophy,

crypt hyperplasia and increased infiltration of intraepithelial lym-

phocytes.42

The pathogenic mechanism of this disease is now becoming clear.

Intact gliadin 33-mers or p31-49 peptides complexed with IgA are

retrotranscytosed from the apical to the basolateral side of epithelial

cells via TfR, an IgA receptor expressed on these cells (Figure 2).41

These peptides would be fully degraded if transported via fluid-phase

transcytosis, indicating that epithelial cells must tightly control retro-

transcytosis to avoid tissue damage. Such control is lost in CD, given

that intestinal epithelial cells from celiac patients display an increased

expression of TfR.41

This TfR-mediated retrotranscytosis triggers intestinal inflam-

mation as a result of a progressive accumulation of toxic gliadin pep-

tides in subepithelial areas, initiating CD enteropathy. In the lamina

propria, gliadin peptides encounter tissue transglutaminase 2 (TG2),

the celiac autoantigen,43 which selectively deamidates gluten protein,

converting glutamine into glutamic acid (Figure 2).44 This post-trans-

lational process may link the immune response against wheat with

autoimmunity in the gut. The antigen-presenting cells present deami-

dated gliadin peptides to HLA-DQ2- or HLA-DQ8-restricted popula-

tions of CD41 T cells that then become activated and differentiate into

Th1 and Th2 cells.42 These cells release mediators, such as interferon-c

and tumor necrosis factor-a,45 that ultimately lead to tissue damage

and the production of autoantibodies.46 During the innate immune

response in CD, IL-15 is upregulated on the surface of enterocytes. IL-

15, in turn, induces the secretion of interferon-c, expression of natural

killer receptors on intraepithelial cells and the activation of cytotoxi-

city against enterocytes.47
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Untreated celiac patients typically have increased IgA and IgG anti-

bodies against gliadin, endomysium (the substrate of TG2) and TG2 in

their serum. IgA antibodies against both gliadin and TG2 are more

specific for CD than are the corresponding IgG antibodies.48 It has been

reported that the production of anti-TG2 IgA autoantibodies may occur

in CD patients with HLA types typical of CD even in the absence of clear

morphological changes.49 Celiac autoantibodies are produced in the

small intestinal mucosa, and it has been recognized that the small intest-

inal epithelial membrane of CD patients contains deposited IgA.50

Korponay-Szabo et al. have shown that deposited extracellular IgA in

the small intestinal mucosa targets TG2 and connective tissue in untreat-

ed CD patients51 and have proposed that anti-TG2 IgA antibodies may be

predictors of CD.49 However, it should be pointed out that IgA deficiency

is more frequent among celiac patients (1 in 40) than the general popu-

lation (1 in 400), suggesting a secondary rather than a primary involve-

ment of IgA in the pathogenesis of this intestinal disease.52

Dysfunction in the kidney: the example of IgA Nephropathy

IgAN is the most common form of glomerulonephritis in the

developed world (ranging from 20 to 40% of primary glomerulone-

phritis) and it is an important cause of end-stage kidney failure. The

presence of mesangial IgA became a major criterion for the diagnosis of

IgAN, while features of the disease include mesangial cell proliferation,

matrix expansion and clinical symptoms of renal injury, such as hema-

turia and proteinuria.53,54

The pathogenesis of IgAN seems to be linked to abnormalities of the

IgA system. Indeed, recurrence of IgA deposits in IgAN patients after

transplantation of a normal kidney indicates that circulating rather than

local kidney abnormalities are crucial for the development of IgAN.55 The

level of serum IgA is two- to threefold higher in approximately half of

IgAN patients.54,56 Increased circulating macromolecular IgA molecules

were identified as ICs containing pIgA56,57 of the IgA1 subclass, but not of

the IgA2 subclass.57 Idiotypic determinants are shared between the cir-

culating complexes and the mesangial deposits;58 however, disease-spe-

cific idiotypes have not been identified.59 Furthermore, mesangial IgA

deposits have been shown to be primarily of the IgA1 subclass and to be

composed largely of pIgA.60 IgA size seems to play a significant role in the

pathogenicity of the IgA IC. Indeed, polymeric but not monomeric IgA1

induces TfR hyperexpression on human mesangial cells,61 leading to

increased production of cytokines (IL-6, transforming growth factor-b

and tumor necrosis factor-a), mesangial expansion and pIgA1 mesangial

deposition.62,63

Studies employing lectins, which bind to glycosidic residues,

revealed that circulating and mesangial IgA1 molecules from IgAN

patients possess truncated O-glycans.64 These aberrantly glycosylated

molecules are deposited in the mesangium in IgAN patients.65

Figure 1 IgA–FcaRI complexes and IgA nephropathy. Polymeric and hypoglycosylated IgA1 can bind FcaRI expressed by myeloid cells and induce its shedding. IgA–

FcaRI complexes are formed in circulation and deposited in the mesangium. Binding of these complexes to TfR induces TfR overexpression on mesangial cells and

proliferation and activation of these cells. IgA, immunoglobulin A; TfR, transferrin receptor.
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Moreover, hypoglycosylation of IgA may lead to self-aggregation and

formation of IgA1–IgA1 and IgA1–IgG ICs.66–68 Interestingly, it has

been shown that dimers and polymers of IgA aggregate more readily

than monomers,69 which might explain the propensity of this form to

aggregate and deposit in tissues. Our group has also shown that aber-

rant glycosylation of IgA1 and IC formation constitute essential fac-

tors favoring mesangial IgA1–TfR interactions as initial steps in IgAN

pathogenesis.61

The formation of the circulating IC may involve at least three distinct

mechanisms: the self-aggregation of aberrantly glycosylated IgA1; the

formation of complexes with soluble FcaRI; and the induced aggregation

by interaction of IgA1 with other circulating proteins. As discussed above,

the first mechanism is directly linked to the abnormal structure of IgA1.

The second mechanism relies on an interaction with myeloid cell-

expressed FcaRI, which binds mIgA of both IgA subclasses with low

affinity and pIgA with high avidity.14 IgAN patients exhibit increased

IgA1–FcaRI complexes in their serum compared to normal individuals.70

The mechanism proposed to explain this phenomenon involves the

shedding of the FcaRI extracellular domain.71 Cleavage is promoted by

aggregation of FcRc-less FcaRI.32 To demonstrate the role of FcaRI in

IgAN, we generated human FcaRI transgenic mice, which have been

shown to spontaneously develop IgAN.70 Moreover, injection of IgA

from IgAN patients into mice that were both immunodeficient and

transgenic for FcaRI induced a massive hematuria and IgA deposits.70

These results indicate that alteration of the IgA–FcaRI interaction may

play a key role in the development of IgAN. The third mechanism for the

formation of IgA complexes in IgAN may involve IgA binding to other

circulating proteins such as fibronectin, collagen or laminin,72–74 suggest-

ing an additional mechanism by which IgA complexes bind to mesan-

gium through adhesion to extracellular matrix proteins. In favor of this

hypothesis, knockout mice for uteroglobin, a serum protein that controls

fibronectin levels, develop IgAN.75 However, no alterations of uteroglo-

bin have been found in patients.76

The physiopathologic mechanisms of IgAN remain partially

unknown. Our hypothesis, based on our experimental data and on

data from the literature, is that a defect in the glycosylation of IgA1

Figure 2 Role of IgA in the pathogenesis of celiac disease. Intact SIgA–gliadin peptide complexes are retrotranscytosed across the lamina propria via TfR, which is

abnormally expressed on the apical pole of epithelial cells. Tissue TG2 selectively deamidates gliadin peptides, which bind with high affinity to HLA-DQ2 or HLA-DQ8

molecules of antigen-presenting cells. These cells present deamidated gliadin peptides to HLA-DQ2- or HLA-DQ8-restricted populations of CD41 T cells that become

activated and release inflammatory mediators that lead to tissue damage. IL-15, produced by IELs, also participates in the activation of cytotoxicity against enterocytes.

IC, immune complex; IEL, intraepithelial lymphocyte; IFN, interferon; IgA, immunoglobulin A; IL, interleukin; SIgA, secretory IgA; TfR, transferrin receptor; TG2,

transglutaminase 2; TNF, tumor necrosis factor.
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from patients with IgAN induces an alteration in the interaction

between IgA1 and FcaRI expressed by myeloid cells (Figure 1). As a

consequence, cleavage of the extracellular domain of c-less FcaRI and

the formation of nephrotoxic circulating IgA1–FcaRI complexes may

occur. Specific antigens may also contribute to the formation of

macromolecular IgA1. A feedback loop that is largely responsible for

the progression of the disease and its chronicity could take place,

leading to a decrease in FcaRI membrane expression and to the

decreased clearance of pIgA1. TfR was identified as the mesangial

receptor for these IgA1 complexes. A second loop could then take

place including IgA1 deposition, inducing an increase in TfR

expression, which would, in turn, increase the deposition of the com-

plexes. These deposits would be responsible for the mesangial cell

proliferation and for the increased local inflammation after kidney

infiltration by leukocytes expressing c-associated FcaRI, which could

be aggravated by defective negative regulation through the FcRc ITAM

and by genetic factors with the final consequence of renal failure.

IgA: a common link between the two diseases?

As described above, IgA plays an important role in various inflammat-

ory diseases, such as CD and IgAN. Two principal questions are raised:

(i) Is there a correlation between these two diseases? (ii) How is IgA

involved in this possible common pathogenic mechanism? Various

studies have shown that IgAN occurs as a primary disease but can

be associated with Henoch Shonlein purpura, CD or inflammatory

bowel disease.2 Indeed, the prevalence of CD in the general population

is 0.5–1% depending on the geographical region and this percentage

increases to 4% in patients with IgAN.77 Moreover, several cases have

been recently reported of patients with nephrotic syndrome and

CD.78–80 Alternatively, CD may be a risk factor for renal disease, the

majority of which would be IgAN. Indeed, glomerular mesangial

deposits of IgA occur frequently in untreated CD and they are

associated with circulating IC containing IgA.81 However, in this

situation IgA seems to be deposited without being able to induce

clinically overt glomerulonephritis.

Figure 3 The IgA system constitutes a common link between CD and IgAN. In IgAN patients, gliadins bind pIgA-containing Gal and GalNAc residues, leading to the

formation of macromolecular gliadin–IgA ICs. These complexes are deposited on the glomelular mesangium via lectin bonds between gliadin and MCs. This binding induces

the overexpression of the mesangial IgA receptor TfR, activates mesangial cells and enhances the in situ IgA deposits. Moreover, binding modulates the production of

immunological mediators by mesangial cells (increases in TNF-a and inhibition of prostaglandin E2 production), contributing to IgAN pathogenesis. These patients present

with elevated serum IgA, increased production of celiac-specific antibodies (AGA and EMA) and an increase in the number of IELs in the intestine. These dysfunctions are

responsible for the breakdown of oral tolerance, which in turn results in perturbations of epithelial cell function and abnormal processing of dietary antigens (immunogenic

gliadin peptides). These peptides are retrotranscytosed into the lamina propria via TfR, which is overexpressed on epithelial cells, and induce the release of proinflammatory

cytokines. These modifications result in increased intestinal permeability, stimulation of the mucosal immune system and tissue damage, which leads to CD development.

Alternatively, the increased intestinal permeability and the presence of circulting IgA-gliadin ICs observed in CD may be a risk factor for the development of IgAN. AGA,

antigliadin antibody; CD, celiac disease; EMA, anti-endomysium antibody; Gal, galactose; IgA, immunoglobulin A; IgAN, IgA nephropathy; IC, immune complex; IEL,

intraepithelial lymphocyte; MC, mesangial cell; pIgA, polymeric IgA; TfR, transferrin receptor; TNF, tumor necrosis factor. GalNAc, N-acetylgalactosamine.
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Coppo et al. have observed the presence of IgA antigliadin antibod-

ies, associated with elevated IgA levels, in the serum of IgAN patients.82

In agreement with this finding, another study in patients with IgAN

found increased production of serum antigliadin IgA antibodies, sug-

gesting hyperactivity of IgA producing B cells associated with mucosal

atrophy.83 Moreover, anti-endomysium IgA and IgG antibodies were

detected in the serum of IgAN patients.84 These data suggest that

dietary components (e.g. gliadin) may play a role in IgAN by promot-

ing IgA IC formation and perhaps favoring mesangial localization via

lectin interactions and these authors propose a possible association

between IgAN and CD.77,81 This suggestion is supported by the finding

that treatment of IgAN patients and model animals with a gluten-free

diet decreased IgA IC and antigliadin IgA antibody levels in the serum

and ameliorated clinical symptoms of the disease, such as proteinuria

and hematuria.82,83,85,86 However, progression to renal failure was still

observed.

In regard to mucosal immunity in IgAN, Kovács et al. have observed

that IgAN patients compared to controls presented significantly

higher intestinal permeability, related to increased proteinuria,

microhematuria and serum IgA levels.87 Thus, elevated intestinal

permeability in IgAN patients may play a role in the pathogenesis of

the disease and adversely influence its progression. No increase in

celiac-type HLA-DQ was observed in patients with IgAN, indicating

that the increased permeability found in IgAN patients may have a role

in predisposing patients to CD.77 This elevated intestinal permeability

may be associated with the increased number of intestinal intraepithe-

lial T lymphocytes observed in patients with IgAN, suggesting a pos-

sible role for breakdown of oral tolerance in the pathophysiology of

IgAN.88 Another study demonstrated the presence of rectal mucosal

sensitivity to gluten in one-third of IgAN patients without any signs of

CD, suggesting that subclinical inflammation to gluten might be

involved in the pathogenesis of IgAN in a subgroup of patients.89

The pathogenic mechanism that links IgAN and CD is not yet clear.

Lectins, particularly gliadins, can bind polymeric IgA1 containing Gal

and GalNac residues (Figure 3).82 This reaction leads to the formation

of macromolecular IgA1 ICs. Gliadin can also bind mesangial cells via

lectin bonds favoring the bridging of pIgA1 and IgA1 ICs to these cells

and thus enhancing both IgA1 mesangial trapping and in situ IgA1

deposit formation. Moreover, gliadin binding to mesangial cells mod-

ulates the production of immunological mediators and hemodynamic

factors (an increase in tumor necrosis factor-a and inhibition of pros-

taglandin E2 production).90 These changes might stimulate mesangial

cell growth and mesangial matrix production, contributing to IgAN

pathogenesis.

The possible role of a breakdown in oral tolerance in the patho-

physiology of IgAN has been already proposed; however, there is no

clear evidence of the triggering factor in this process.88 It seems that the

breakdown of oral tolerance may be favored by perturbations of epi-

thelial cell function, resulting in abnormal processing of dietary anti-

gens, such as gliadin, which renders them immunogenic rather than

tolerogenic (Figure 3). In this case, the cytokines produced by immune

system activation can influence the epithelial cell secretory component

and class II antigen presentation. These modifications lead to

intestinal permeability changes, allowing increased antigen uptake

and presentation along with stimulation of the mucosal immune

system, resulting in mucosal inflammatory diseases like CD.82

Furthermore, we have recently shown that the gliadin peptide 31–49

crosses the intestinal barrier in CD patients without being degraded by

the lysosomal pathway, using a mechanism similar to that observed in

IgAN (overexpression of CD71 at the apical surface of enterocytes).41

To conclude, the efficacy of a gluten-free diet together with the

observed increase in intestinal permeability and in serum IgA react-

ivity to gliadin and the increased levels of salivary and serum SIgA have

raised the possibility that the mucosal immune system plays a role in

the physiopathology of IgAN.88

CONCLUDING REMARKS

The IgA and IgA receptors play a significant role in vivo in maintaining

the integrity of immune responses in the systemic and mucosal com-

partments. Dysfunctions in IgA, such as abnormal glycosylation, self-

aggregation, receptor shedding or production of ICs with dietary anti-

gens, result in inflammatory diseases that can affect both the intestine

and the kidney. CD and IgAN exhibit common IgA abnormalities, an

essential molecular mechanism that may open new avenues for under-

standing pathogenesis and developing new therapeutic approaches for

these diseases.
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