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New insights in the pathogenesis of IgA
nephropathy

R. C. Monteiro
Bichat Medical School.

SUMMARY

IgA nephropathy (N) or Berger’s disease is the most common form of primary
glomerulonephritis worldwide and one of the first cause of end-stage renal failu-
re. The disease is characterized by the accumulation in mesangial areas of com-
plexes containing polymeric IgA1. The mechanisms involved in the pathogenesis
of IgAN is only now emerging. We discussed here three essential points: i) the ge-
neration of abnormal IgA1 and formation of IgAT1 complexes; ii) the generation of
mesangial injury mediated by interaction of IgA1 complexes with mesangial IgA1
receptors, and iii) the progression of IgA-mediated mesangial injury towards renal
failure. In summary, our data reveal that quantitative and structural changes of
IgAT play a key role on the onset of the disease due to functional abnormalities
of two IgA receptors: the FcaRl (CD89) expressed by blood myeloid cells and the
transferrin receptor (CD71) on mesangial cells. Abnormal IgA induces release of
soluble CD89 soluble leading to the formation of circulating IgA complexes, which
in turn may be trapped by CD71 that is overexpressed on mesangial cells in IgAN
patients allowing formation of IgAT deposits. The elucidation of IgA-receptor inte-
ractions may open new avenues for drug design and treatment of IgAN.
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NUEVAS OBSERVACIONES EN LA PATOGENIA DE LA NEFROPATIA IgA
RESUMEN

La nefropatia (N) IgA o enfermedad de Berger es la mas comin de las glome-
rulonefritis primarias en el mundo y una de las primeras causas de enfermedad
renal crénica terminal. La enfermedad se caracteriza por el acumulo en éreas del
mesangio de complejos que contienen IgAT1 polimérica. Los mecanismos patogé-
nicos empiezan a ser conocidos. Discutimos aqui tres puntos esenciales: i) la ge-
neracion anormal de IgA1 y la formacion de complejos IgAT; ii) la aparicion de
dano mesangial mediado por la interaccion de complejos IgAT y de receptores
IgA1, y iii) la progresion hacia la insuficiencia renal causada por el dano mesan-
gial mediado por la IgA. En resumen nuestros datos sugieren que los cambios
cuantitativos y estructurales de la IgA juegan un papel importante en el inicio de
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la enfermedad debida a anomalias funcionales de dos receptores de la IgA: el
FcaRl (CD89) expresado en las células mieloides sanguineas y el receptor de la
transferrina (CD71) en las células mesangiales. La IgA anormal provoca la libera-
cion de CD89 soluble, la formacién de complejos circulantes IgA, que pueden ser
atrapados por CD71 sobre expresado en las células mesangiales de pacientes con
NIgA, dando lugar a la formacion de depdsitos IgAT1. El conocer las interacciones
entre los receptores de IgA permite pensar en el disefio de nuevos medicamen-
tos para el tratamiento de la NIgA.

Palabras clave: Nefropatia IgA. Patogenia. Receptores para la IgA.

INTRODUCTION

IgA nephropathy (IgAN), the most common pri-
mary glomerulonephritis worldwide, is defined by
the deposition of IgA1 in the glomerular mesangium
and less frequently of C3, IgG and IgM, together with
mesangial cell proliferation, matrix expansion and
clinical features of renal injury, including hematuria
and proteinuria’. There is no effective treatment and
20-40% of patients progress to end-stage renal fai-
lure after 20-25 years of disease activity. The me-
chanisms involved in the pathogenesis of IgAN is
only now emerging. They can be divided in three es-
sential steps: i) the generation of abnormal IgA1 and
formation of IgAT complexes; ii) the generation of
mesangial injury mediated by interaction of IgA1l
complexes with mesangial IgA receptors, and iii) the
progression of IgA-mediated mesangial injury to-
wards renal failure.

Step 1: Generation of abnormal glycosylated IgA1
and formation of IgA1 complexes. The first strong evi-
dence of a nephritogenic circulating factor in the pat-
hogenesis of IgAN came from the recurrence of me-
sangial IgA deposits in patients after transplantation
of a normal kidney2. Observations from several stu-
dies revealed that the level of serum IgA is two- to
three-fold enhanced in approximately half of the
IgAN patients3. The ratio of polymeric to monome-
ric IgA in the circulation is also increased in com-
parison with normal individuals. Circulating macro-
molecular IgA contain polymeric IgA (plgA) which
have the ability to bind secretory component, the ex-
tracellular domain of the polymeric Ig receptor. Ho-
wever, secretory IgA, the main Ig in secretions, is not
found in the renal deposits of IgAN. Instead, the me-
sangial IgA apparently originates in the bone marrow
and no evidence is found for plgR dysfunction in
IgAN3.

Abnormal IgA has been noted in patients with
IgAN two decades ago*. Indeed, our studies of renal
eluates demonstrate the highly anionic nature of me-

sangial IgA which were under complexed forms®.
This indication of aberrant structure has been con-
firmed since by several authors®. Because the depo-
sited mesangial IgA is exclusively of the IgA1 sub-
class, several authors have proposed that the unique
structure of the IgA1 hinge region may be involved
in the IgAN pathological process. The hinge region
located between the CH2 and CH3 domains of IgA1
usually contains 3 to 5 O-linked side chains. The O-
glycans are based on N-acetylgalactosamine (Gal-
NAc) O-linked to serine or threonine residues. Ga-
lactose (Gal) may be linked to the GalNAc by a
specific enzyme, 1,3 galactosyltransferase, to form
the disaccharide Galp1,3 GalNAc. This disaccharide
may be extended with one or two sialic acid (NeuAc)
units that are added by a2,3 sialyltransferases. Sia-
lic acid units may also be added to GalNAc by the
02,6 sialyltransferases®. Studies from the last decade
have revealed that IgAN patients may have under-
galactosylated IgA1 in the circulation and in me-
sangium areas®. These O-truncated glycans have
been identified through the use of lectins, such as
Jacalin, Helix aspersa and Vicia villosa, that recogni-
ze either B1,3 glycosidic residues between galacto-
se and GalNac residues or terminal GalNac residues.
Increased sialylation of IgA1 has also been descri-
bed and could contribute to its negative charge. Alt-
hough abnormally glycosylated IgA1 has been cle-
arly demonstrated in IgAN patients, the origin of this
molecular alteration remains unknown. Reduced ac-
tivity of 1,3 galactosyltransferase has been shown
in B cells from IgAN patients, and it has been pro-
posed that the abnormally glycosylated IgA may re-
flect a defect in the O-glycosylation pathway in these
patients®. However, molecular mechanisms for such
deficiency is unknown and it has not been ascertai-
ned whether the glycosylation defect is constitutive
or acquired.

Besides the intrinsic structural alterations of IgA
described above, another feature of IgAN is the pre-
sence of large amounts of IgA immune complexes
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in the circulation and in the mesangium of IgAN pa-
tients* 78, Formation of IgAT complexes may invol-
ve at least three distinct events: i) the self-aggrega-
tion of abnormal glycosylated IgA1; ii) the formation
of complexes through binding to soluble IgA Fc re-
ceptor | (FcaRl), and iii) the amplification of the size
of these complexes by IgA interaction with others
components. While the first event is directly linked
to an abnormal structure of IgA1 possibly at their
site of generation>®9, the second one is dependent
on the interaction with the FcaRl (CD89) that is ex-
pressed on cells of the myeloid lineage'. This re-
ceptor represents a heterogeneously glycosylated
transmembrane protein that binds both IgA subclas-
ses with low affinity. The FcaRIl o chain lacks cano-
nical signal transduction domains, but associates
with the FcR y-chain that bears activation motifs
(ITAM) in the cytoplasmic domain. In normal indi-
viduals, the FcoRI/FcR y chain complex can media-
te both cellular activation and inhibition of hete-
rologous receptors depending on the type of
interaction with multivalent or monovalent ligand,
respectively'® 1. In patients with IgAN, a reduced
expression of FcaRl was observed on the surface of
their circulating monocytes in spite of normal FcoRl
transcription levels'?. The presence of plasma IgA
seems essential for the reduction in FcaRIl expres-
sion on monocytes. This was shown by incubating
IgAN patients’ cells without or with homologous
plasma and by incubating purified polymeric IgA
with monocytes from normal individuals'?. The me-
chanism proposed to explain this phenomena invol-
ves the shedding of the extracellular domain of the
FcaRI3. Support for this hypothesis was provided by
the demonstration of soluble FcaRl in the serum of
IgAN patients and not in serum from normal indivi-
duals. This protein was identified as a glycosylated
FcaRl of 50-70 kDa with a 24 kDa protein core'.
Production of this soluble FcaRl could be produced
by incubating polymeric IgA with transfected cells
expressing FcaRl. These results indicate that interac-
tion of pathogenic IgA with FcaRl promotes cleava-
ge of the extracellular domain of FcoRl releasing
IgA/FcaRl complexes into the circulation. Such cle-
avage may involve yet uncharacterized protease, the-
reby explaining the decreased FcaRl membrane ex-
pression.

The detection of circulating complexes containing
IgA and soluble FcaRl in IgAN patients serum raises
the possibility that these complexes may be invol-
ved in the development of this disease. To demons-
trate this we have generated human FcoRl transge-
nic mice that serve as a novel animal model for the
spontaneous IgAN'3. Although with very low affinity,
human FcaRlI interacts with mouse polymeric IgA to
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form complexes that are deposited in the mesangium
of the FcaRI Tg mice. Human FcoRI transgenic mice
develop mesangial IgA deposition, hematuria, mild
proteinuria and macrophage infiltration around the
renal glomeruli'3. The disease can be transferred to
wild-type recipents by infusion of serum IgA/soluble
FcaRl complexes from these Tg mice. To examine
the contribution of patient IgA, a model of SCID-
FcaRI Tg mice was created. These mice do not de-
velop IgAN spontaneously, but they develop the ma-
nifestations of IgAN when IgA from IgAN patients is
injected. Interestingly, IgA from healthy subjects did
not result in IgAN in the SCID-FcaRl Tg mice, the-
reby inferring that abnormally glycosylated IgA cou-
pled with FcaRl participates in the pathogenesis of
IgAN.

The third event seems dependent on interactions
of abnormally glycosylated IgA1 with other proteins.
Indeed it has been shown that hypogalactosylation
generates antigenic determinants that can be recog-
nized by naturally occurring IgG and IgA1 antibo-
dies, thereby leading to the formation of circulating
immune complexes®. However, 1gG is not always
found to be co-deposited in the mesangium of IgAN
patients. In some patients, IgA has also been found
complexed to other proteins such as fibronectin and
collagen. In all of these situations (self-aggregation,
interaction with soluble FcaRI and/or immune com-
plex formation), complexes may impede the recog-
nition of IgA by the asialoglycoprotein receptor
(ASGPR)?. The ASGPR serves as an IgA receptor on
hepatocytes by its ability to bind terminal galactose
or N-acetylgalactosamine on O-linked and some N-
linked glycans?. However, ASGPR seems to play an
important role in the clearance of IgA2 rather than
of IgA1. Furthermore, no dysfunction of ASGPR has
been demonstrated in IgAN3.

Step 2: Mesangial injury is mediated by interac-
tion of IgA1 complexes with mesangial IgA recep-
tors. Mesangial IgA deposits have been shown to be
primarily of IgA1 isotype and to be composed lar-
gely of polymeric IgA, although monomeric IgA can
also be found in the deposits®. As expected from the
above these deposits contain abnormal glycosylated
IgA16. Although several candidate proteins have
been identified as putative mesangial IgA receptors,
known of them were found in the mesangium'™. We
have recently shown that the transferrin receptor, TfR
or CD71, can serve as an IgAT receptor'. The TR
binds only polymeric IgA1, but not monomeric
IgA1'e. In contrast to the FcaRl, this IgA receptor is
not expressed on mature blood leukocytes and is
only weakly expressed on quiescent mesangial
cells'”. Interestingly, in patients with IgAN TfR ex-
pression is strongly induced in the mesangium and



NEW INSIGHTS IN THE PATHOGENESIS OF IGA NEPHROPATHY

correlates with severity of the disease'”. Because
overexpression of this IgA1 receptor (TfR/CD71) is
found in mesangium of patients with IgAN'7, it may
participate in the selective deposition of IgA1 com-
plexes. Similar observations have now been made in
renal biopsies of patients with Henoch-Schoenlein
purpura GN with mesangial IgA deposition'”. Inte-
restingly, overexpression of TfR was also seen in pa-
tients with lupus, but only in those with IgA depo-
sition. Our recent studies'® indicate that abnormal
glycosylated IgA1 and IgA1 complexes may favor the
interaction with TfR as observed on cultured normal
human mesangial cells. Furthermore, IgA1 polymers
can induce TfR expression, cytokine release and cell
proliferation which could in part be responsible for
the observed injury and recurrence of deposits after
transplantation (Moura et al, unpublished data).

Another receptor for IgA and IgM, Fco/pR, has also
been described (reviewed in ref. 14). Transcripts for
this receptor may also be expressed by human me-
sangial cells. This receptor has been found to be
upregulated by IL-1 thereby implying another basis
for IgA deposition. However, no Fco/uR protein has
been found on cultured human mesangial cells'e.
We cannot exclude that Fca/pR can be expressed in
some cases of IgAN with IgA and IgM deposits es-
pecially those involving a very aggressive inflamma-
tory process.

Step 3: Progression of IgA-mediated mesangial in-
jury towards renal failure. One the remarkable fea-
ture of IgAN is the heterogeneity of the disease con-
cerning its evolution towards end-stage renal disease
(ESRD). Between 20 to 40% of IgAN patients pro-
gress towards ESRD after 20-25 years of disease ac-
tivity. The mechanisms involved in disease progres-
sion remains mostly unknown. It is interesting that
severity of IgAN is often associated with leukocyte
infiltration in the kidneys. Indeed, the presence of
monocyte/macrophages and T cells correlates with
the progression of IgAN'® 19 Interestingly, although
transmembrane FcoRI expression is decreased on
blood phagocytes of patients, increased IgA bound
to these cells are linked to the appearance of glo-
merulosclerosis and mesangial proliferation'?. De-
fective FcaRl endocytosis rates and increased IgA re-
cycling towards the cell surface have been
demonstrated on blood phagocytes from patients
with IgANT?. As a consequence, cells from these pa-
tients express high IgA levels. Whether FcaRlI is me-
diating an activating process following patients’ IgA
binding remains to be determined. Another factor
that may also contribute to evolution towards ESRD
is the overexpression of TfR by mesangial cells and
its capacity to mediate mesangial IgA1 complex de-
position which seems to correlate to disease seve-

rity!”. This interaction could thus lead to an inflam-
matory response by promoting the release of pro-in-
flammatory cytokines, such as IL-1, IL-6 and TNF-a?,
with consequential proliferation and progression to
fibrosis and renal impairment®. This hypothetical
cycle of events could thus explain the progression
and chronicity of the disease. Genectic factors may
be involved in controlling disease heterogeneity. Alt-
hough some progress has been made in localizing
these genetic factors and a possible chromosomal
locus involved in this disease?’, the candidate genes
remain, however, unknown.

CONCLUSIONS

We proposed that pathogenic mechanisms in IgAN
are initiated by alterations in IgA1 structure followed
by a polymerization process of IgA1 involving solu-
ble FcaRI and other components. An in situ secon-
dary event would take place with the induction of
a mesangial IgA receptor, the TfR, on mesangial cells.
This represents a crucial step to mediate the forma-
tion of IgA deposits and eventually contributes to ge-
nerate of the third event concerning progression of
IgAN towards ESRD. The elucidation of the mesan-
gial TfR-IgA1 interaction as a mechanism for selec-
tive mesangial IgA1 deposition suggests new avenues
for drug design and treatment of IgAN.
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