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ACEI
ACTH
ARB
AZA
CM
CMV
ECP
EDN
eGFR
ELISA
FAE
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GAlNAc
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GFR
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HAA
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IgA AGA
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Angiotensin-converting enzyme inhibitor
Adrenocorticotropic hormone (corticotropin)
Angiotensin II receptor blocker
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Cow’s milk
Cytomegalovirus
Eosinophil cationic protein
Eosinophil-derived neurotoxin
Estimated glomerular filtration rate
Enzyme-linked immunosorbent assay
Follicle associated epithelium
Galactose
N-acetyl galactosamine
Galactose deficient immunoglobulin A1
Glomerular filtration rate
Hydrogen peroxide
Helix aspersa
Hypochlorous acid
Human leukocyte antigen
Inducible NO synthase
Immunoglobulin A
IgA antigliadin antibody
IgA nephropathy
Lipopolysaccharide
Mannose binding lectin
Microfold cells
Modification of diet in renal disease
Mycophenolate mofetil
Myeloperoxidase
Mucosal patch technique
Mammalian target of rapamycin
N-acetylneuraminic acid (sialic acid)
Nitric oxide
Pathogen associated molecular patterns
Phosphate buffered saline
Per million population

Ppb
PRA
PRR
RAAS
ROS
SD
TLR

Parts per billion
Panel reactive antibody
Pattern recognition receptors
Renin-angiotensin-aldosterone system
Reactive oxygen species
Standard deviation
Toll-like receptor

Introduction

IgA Nephropathy
Immunoglobulin A nephropathy (IgAN) was first described by Berger and
Hinglais in 1968 (1;2) and is now considered as the most common
glomerulonephritis worldwide (3). Prevalence is subject to large
geographical differences with higher prevalence being reported in Asia than
in Europe, Australia and North America. Individuals of African ancestry are
seldom diagnosed with IgAN. The reported incidence is approximately 8-30
patients per million population (pmp) per year in Southern Europe (Spain,
Italy, France), compared to more than 140 cases pmp per year in Japan (4).
A recent review has summarized the worldwide incidence in adults to at
least 25 cases pmp per year (5). To some extent the geographic and ethnic
differences are reflecting differences in biopsy policies and use of screening
urinary tests rather than actual differences in frequency (6). However,
genetic factors could also be the cause of the ethnic variations. Genetic
factors are known to contribute to IgAN susceptibility although specific
genes have not yet been identified (7).
Morphologically IgAN is characterized by diffuse mesangial IgA deposits
leading to matrix expansion and mesangial proliferation accompanied by a
variety of histopathological lesions (8). Co-deposits of complement factor
C3 are very common as well as deposits of IgG (and less commonly IgM)
(9). There is a wide range of presenting clinical signs of IgAN, but the
typical are macroscopic hematuria and proteinuria following an upper
respiratory tract infection or proteinuria associated with deterioration of
renal function, hypertension and microscopic hematuria. No clinical
presentation is pathognomonic of IgAN, and the diagnosis can be confirmed
from a renal biopsy, only (9).
IgAN can occur at any age, but most common is an onset in the second
and third decades of life. More men than women are affected with a ratio
ranging from 2:1 to 6:1 (10).
IgAN is considered a mild renal disease, although it is estimated that 1540% of patients with IgAN will eventually progress to end-stage renal
disease (10). It is likely to be a heterogeneous disease, as some patients
progress slowly whereas others have a very rapid disease progression (11).
Male sex, obesity, poorly controlled hypertension and persistent proteinuria
are some of the clinical features that increase the risk of an unfavorable
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clinical outcome (12). The histological markers have recently been evaluated
by the International IgA Nephropathy Network, and a pathologic
classification for IgAN predicting the prognosis and renal outcome
independent of the clinical features has been proposed – the Oxford
classification (13;14). Four variables are of importance: (1) the mesangial
hypercellularity, (2) segmental glomerulosclerosis, (3) endocapillary
hypercellularity, and (4) tubular atrophy/interstitial fibrosis. The
classification has been validated in a North American study (15) and a
Korean study (16), and a large European confirmative trial (VALIGA) is
now under way to validate the results from the initial trial.

Pathogenesis of IgA Nephropathy
Despite being the most common glomerulonephritis, the pathogenesis of
IgAN is not fully established. The disease definition is based on
demonstrating glomerular IgA deposits. However, approximately 4-16% of
the general population has glomerular IgA deposits, as revealed by analyses
of donor kidneys (17), so the mere presence of IgA deposits does not seem to
trigger the disease.
The deposited IgA is primarily J chain containing polymeric IgA1, which
is poorly galactosylated. There are two isoforms of IgA present in human:
IgA1 and IgA2, which differ by an 18 amino acid hinge region with six
potential O-linked glycosylation sites present in IgA1, but not in IgA2. Nacetyl galactosamine (GalNAc) is O-linked to serine (Ser) or threonine (Thr)
residues within the hinge region of IgA1. Further, the enzyme 1,3galactosyl transferase links GalNAc to galactose (Gal). Sialic acid (Nacetylneuraminic acid (NeuNAc)) could bind to Gal with 2,3 linkage and/or
to GalNAc with 2,6 linkage (figure 1).
In IgAN the 1,3-galactosyl transferase activity is reduced, which gives
IgA1 molecules that are galactose deficient resulting in terminal GalNAc
residues (18;19). These aberrant IgA1 molecules accumulate in the
circulation, both because of enhanced synthesis and due to decreased hepatic
IgA clearance (20). The galactose deficient IgA1 (GD-IgA1) can circulate as
monomers or in self-aggregated forms and favors formation of circulating
IgA-containing immune complexes (21).
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Figure 1. A) The structure of the IgA1 molecule. C=constant region, V=variable
region, H= heavy chain, L=light chain, Fab=fragment, antigen binding,
Fc=fragment, crystallizable. B) The possible structure of the O-glycans in the IgA1
hinge region. Ser=serotonin, Thr=threonine, Pro=proline, GalNAc=Nacetylgalactosamine, Gal=galactose, NeuNAc= N-acetylneuraminic acid (sialic
acid).

Antigen exposure at mucosal surfaces elicits an immune response that
predominantly is polymeric, of low affinity and variably glycosylated.
Systemic antigen exposure, by contrast, results in predominantly monomeric,
high-affinity IgA antibody production. The source of undergalactosylated
IgA1 that is deposited in the mesangium of IgAN patients remains unclear.
The mucosal-type IgA1 that is seen in IgAN (polymeric and variably
glycosylated) suggests a mucosal site origin. The fact that IgAN typically
presents at the same time as or immediately following an upper respiratory
or gastrointestinal infection, is another feature supporting the involvement of
the mucosal immune system in the pathogenesis. Involvement of mucosal
pathogens has also been proven in experimental models. However, studies
have indicated that the mucosal pIgA plasma cell numbers are normal in
IgAN (22), the response to mucosal immunization is impaired (23;24) and
the increased production of pIgA1 (polymeric IgA1) occurs in the bone
marrow (25;26) and the tonsils (27). This raises the possibility that
mucosally activated B-cells are displaced from the mucosal to systemic
compartments and secrete IgA into the circulation rather than into the
submucosa (28).
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IgAN is considered to be mediated by immune complexes, and the
formation of IgA immune complexes has been proposed to require two hits.
The first hit is an increased concentration of GD-IgA1, either in the
circulation or in situ as mesangial deposits of self-aggregated GD-IgA1 (29).
However, as GD-IgA1 is found also in the serum of asymptomatic persons
(30), a second hit is required for disease development. The second trigger is
the generation of IgG (and possibly IgA) auto-antibodies directed at glycan
or glycoprotein neo-epitopes present on the hinge region of GD-IgA1, which
leads to the formation of immune complexes that deposit (21;31) or are
formed (29) in the mesangium (depending on the circulating or in situ
theory).
The stimuli for the production of IgG auto-antibodies to the exposed
GalNAc residues on IgA1, is not known. It could be that the antibodies are
specific for environmental antigens (bacterial and viral surface
glycoproteins) and that the recognition of GD-IgA1 is just an unfortunate
situation of “molecular mimicry”, i.e. the glycan epitopes on GD-IgA1
resemble conformational epitopes on the environmental antigens (29).
The observations of anti-glycan IgG autoantibodies to GD-IgA1 support
the hypothetical model of IgAN as an autoimmune disease. The hypothesis
is not confirmed, however, as IgG is not commonly seen in renal biopsies in
IgAN (32). This could be due to low sensitivity of the
immunohistopathological techniques used so far (31) or the renal deposited
immune complexes could have another composition. GD-IgA1 also reacts
with true antigens and forms true IgA1 immune complexes with
environmental antigens, but the data are conflicting as to whether these
immune complexes are transferred to the circulation.
The IgA immune complexes deposit in the mesangium due to their
physicochemical properties and/or their binding affinities to receptors
located on the surface of mesangial cells (33). This induces mesangial cell
proliferation (34) and release of a number of cytokines and growth factors
associated with development and progression of renal injury (10).

Food Antigens
Exogenous antigens in the presence of a defective immune clearance could
be important in the pathogenesis of IgAN (35). Food antigens have been
proposed as potential environmental antigens being involved in the
pathogenesis (36-39), and gluten has been studied in particular (40-43).
Emancipator et al. demonstrated in the early 80s that oral immunization of
mice could induce mesangial deposits of IgA immune complexes (36).
Coppo et al. (44) have shown that experimental IgAN can be induced by
gliadin in mice, and an association between IgAN and celiac disease has
been reported (41;45). Approximately 4% of the IgAN patients have celiac
disease, as compared with 0.5 – 1% in the general population (45). Other
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food antigens have been subject to investigation in IgAN patients as well.
Sato et al. demonstrated that soy bean antigens were present in the glomeruli
of 21 of 28 IgAN patients, whereas casein antigens were present in 11 of 28
patients (46). Russell et al. also demonstrated glomerular deposits of milk
protein antigen (47), whereas deposits of soy protein could not be found in a
study by Murakami et al. including 16 children (48). In a Japanese study the
risk of IgAN was increased with preference for salty food and rice
consumption (49). Several different food antigens have been investigated.
Still, no consistent antigens have been found, and it is likely that several
food and other environmental antigens can give a continuous antigenic
challenge which triggers the production of nephritogenic IgA (35).

Gastrointestinal Immune System
Food antigens are first presented to the gastrointestinal immune system. In
addition to the main function of digestion and absorption of food, the
gastrointestinal system plays a key role in immunoregulation. The first line
of defense is the gastrointestinal mucosal barrier, which is a complex
network of immunological and non-immunological mechanisms, being
constantly exposed to nutrients, bacteria, virus and chemicals. The system is
tightly regulated in order to detect potentially harmful antigens, and at the
same time prevent excessive immune responses to foods and the normal
gastrointestinal flora. Although the epithelial barrier limits gut antigens from
entering the tissue, antigens are not completely excluded, and may enter
through breaches in the tight junctions or through openings in the follicle
associated epithelium (FAE) that overlies the organized lymphoid tissue (i.e.
the Peyer’s patches) (figure 2). The characteristic M cells (microfold cells)
are important in this process, as they transport luminal antigens through the
FAE to the underlying immune cells (50). Also dendritic cells can process
antigens through the epithelial cell layer. Further, the gut epithelium itself
can recognize broad molecular patterns called PAMPs (pathogen associated
molecular patterns) on infectious agents by receptors called Pattern
Recognition Receptors (PRRs), including Toll-like receptors and nucleotidebinding oligomerization domain (Nod) molecules. Binding to these receptors
induces activity of reactive oxygen, anti-microbial peptides, cytokines,
chemokines, adhesion molecules and acute-phase proteins.
Under the epithelium is the gut-associated lymphoid tissue (GALT),
which consists of lymphoids distributed in the following populations:
- The Peyer’s patches are aggregations of lymphoid tissue, primarily
found in the lamina propria layer of the ileum. B-cells predominate in
the Peyer’s patches.
- Lamina propria is loose connective tissue that together with the
epithelial layer constitutes the mucosa. IgA producing B-cells are
prominent in the lamina propria.
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-

Intraepithelial lymphocytes exist in the basolateral spaces between
luminal epithelial cells, beneath the tight junctions.
Mesenteric lymph nodes lie between the layers of the mesentery.

-

The immunological equilibrium in the gastrointestinal tract between the
immune system, the gut wall and the gut bacteria is important to control the
process of recognition, tolerance and defense. Many immune cells in and
beneath the epithelial barrier are involved and include T cells, macrophages,
eosinophil granulocytes, mast cells and IgA and IgM antibody producing
plasma cells. It has been speculated that the large increase in gastrointestinal
food allergies and idiopathic inflammatory conditions in developed countries
during the recent years is because absence of overt gut infections in these
countries has upset the fine balance between the normal bacterial flora and
the mucosal immune system (51).
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Figure 2. Illustration of the gut immune system. Reprinted with permission from
Nature Reviews Immunology.
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The Innate and the Adaptive Immune System
The immune responses seen after exposure to an external agent can be
divided into two main types, the innate (non-specific) immune system and
the adaptive (specific) immune system.
The innate immune system is constitutively present and immediately
activated upon invasion of foreign antigens. Both cellular and humoral
responses are triggered. Phagocytes are the first cells involved in the
protection against pathogens or immunogenic proteins. Both neutrophils
(polymorphonuclear cells, PMNs), monocytes and macrophages function in
phagocytosis and intracellular killing of microorganisms. Macrophages are
also important as antigen presenting cells (APC). Other cells that are
activated during an innate immune response include natural killer (NK) cells,
eosinophils, basophils, and mast cells. The activation of PRRs has already
been described. The complement proteins compose a biochemical cascade,
which leads to a non-specific mechanism for cell destruction. The
complement system is triggered by one of three possible pathways; the
classical pathway that is activated by specific antigen-antibody complexes,
the mannose binding lectin (MBL) pathway that is activated through lectin
binding to pathogen surfaces or the alternative pathway which is activated by
specific antigens on the pathogen surfaces.
The innate immune system activates the adaptive immune system by
antigen presentation to B and T lymphocytes. The lymphocytes proliferate
upon antigenic stimulation, and it thus takes several hours until the
maximum response of the adaptive immune system is seen. The adaptive
system is, however, able to memorize a previously encountered antigen and
demonstrates immunological memory. Both B and T cells are derived from
stem cells in the bone marrow. B cells then mature in the bone marrow,
whereas T cells mature in the thymus. The mature B and T cells thereafter
migrate to the lymph nodes, spleen or the mucosa-associated lymphoid tissue
(MALT).
The B cells are characterized by antibody molecules on their surfaces,
which recognize antigens in its native configuration. Upon interaction with
an antigen, B cells divide into memory cells and plasma cells, which produce
more antibodies. T cells have T cell-receptors on their surface, which can
only recognize peptide sequences after they are bound to a set of antigenpresenting self proteins, called human leukocyte antigens (HLA). Several
functionally distinct T cells exist – the two major subpopulations being the
CD4+ cells, which comprise the T helper cells (Th) and the regulatory
T cells (Treg), and the CD8+ cells, which comprise the cytotoxic T cells
(Tc). Memory T cells may be both CD4+ and CD8+, whereas natural killer T
cells do not posses the CD surface proteins at all.
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Markers of Inflammation
In both adaptive and innate immune responses, both cellular and humoral
responses are triggered. A mixture of polymorphonuclear leucocytes,
macrophages, lymphocytes and plasma cells are recruited and activated by
soluble mediators, released by the cells in response to the inflammatory
process. Examples of mediators include granulocyte granule constituents,
cytokines and eicosanoids. In our studies we have selected and analyzed two
humoral mediators by the mucosal patch technique (MPT): myeloperoxidase
(MPO) as marker of neutrophils and eosinophil cationic protein (ECP) as
marker of eosinophils.
Neutrophils are the most abundant leukocytes and are important in the
innate immune response (52;53). They are very motile and rapidly recruited
to the site of invasion of foreign antigens as one of the first responders of the
inflammatory cells. Neutrophils are phagocytes that upon ingestion of
microbes or foreign particles form phagosomes into which reactive oxygen
species and hydrolytic enzymes are secreted. An assortment of proteins is
released through a degranulation process. The granules are classified as
azurophilic granules (primary granules), specific granules (secondary
granules) and gelatinase granules (tertiary granules). MPO is one of the
azurophilic granules. It is a peroxidase enzyme, which produces
hypochlorous acid (HOCl) from hydrogen peroxide (H2O2) and chloride
anion (Cl-). Further, it oxidizes tyrosine to tyrosyl radical using hydrogen
peroxide as oxidizing agent. Both HOCl and tyrosyl radicals are very toxic
for a broad range of microorganisms.
Eosinophil granulocytes are another type of polymorphonuclear
leukocytes, which are produced in the bone marrow (54). They are involved
in the immune regulation by phagocytosis and antigen-presentation to
lymphocytes followed by T cell proliferation, and they have the capability to
activate mast cells. This interaction is a two-way interaction, meaning that
mast cells can also activate eosinophils (55).
However, the most important role of the activated eosinophils is the
production of reactive oxygen species such as superoxide and release of
toxic granule proteins during degranulation. The four cationic granule
proteins include: ECP, eosinophil peroxidase (EPO), major basic protein
(MBP) and eosinophil-derived neurotoxin (EDN). The first three proteins are
toxic to a wide range of tissues and cause damage and dysfunction. ECP
creates toxic pores in the membranes of target cells, which facilitates entry
of cytotoxic molecules. Further ECP is a ribonuclease and has antiviral
activity, although it is 100 times less potent than EDN. The non-cytotoxic
activities of ECP include suppression of T cell proliferation, suppression of
antibody production, induction of mast cell degranulation, and stimulation of
mucus and glycosaminoglycan secretion.
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Nitric oxide (NO) is a signal molecule with several physiological roles. It
is produced by NO synthase using L-arginine as substrate. NO synthase
exists in three isoforms. Two forms of NO synthase are continuously
expressed, whereas NO synthase IIa (inducible NO synthase; iNOS) is
induced in response to inflammation (56;57). The cellular source of induced
NO synthesis, has not been identified, but epithelial cells and macrophages
are probably major sources (58). However, also other inflammatory cells
may contribute to enhanced NO synthesis since iNOS is constitutively
present in such cells (59-62). NO production is proposed to be a part of the
inflammatory process of gastrointestinal disorders, as increased NO
production in the small intestine has been reported in patients with untreated
celiac disease (63), Crohn’s disease, ulcerative colitis (64) and microscopic
colitis (65). The exact role of the molecule is not clear. Both protective (66)
and harmful roles have been suggested (67;68).

The Innate Immune System in IgAN
The innate immune system, which is mostly active on the mucosal surfaces,
can also be involved in the pathogenesis of IgAN. The complement system is
anticipated to take active part, as co-deposits of the complement components
C3, C5 and properidin are frequently found in the renal mesangium.
Polymeric IgA, aggregated IgA and GD-IgA1 can activate the alternative
complement pathway, whereas the lectin pathway of complement is
activated by some PAMPs, including C-type lectins (mannose binding
lectins or ficolins) and is thus often called the MBL pathway. The activation
of the alternative pathway or the MBL pathway of the complement system
predominates in IgAN (69;70). Activation of the MBL pathway is associated
with more severe renal disease (69).
Toll-like receptors play a key role in innate immunity, and have recently
been suggested to be involved in the pathogenesis of IgAN as well. Upregulation of TLR4 has been reported on circulating monocytes in IgAN, in
particular in patients with proteinuria and visible hematuria, and possibly as
a consequence of increased systemic exposure to antigen owing to impaired
mucosal antigen exclusion in IgAN (35;71). TLR4 can bind a large variety
of exogenous and endogenous agonists including LPS (lipopolysaccharide)
from Gram-negative bacteria and heat shock proteins, and it is thus
speculated that intestinal bacteria could play a role in the pathogenesis of
IgAN (71). Activation of TLR4 by bacterial LPS induces methylation of
Cosmc (core 1-1-phosphate uridyltransferase (GALT)-specific molecular
chaperone) leading to reduced activity of 1,3-galactosyl transferase and
reduced glycosylation of IgA1 molecules.
TLR9 and TLR10 have also been reported as potential contributors to the
pathogenesis, but no pathogenic mechanism has been proposed so far (72).
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Recurrence of IgAN
The basic abnormality of IgAN lies within the IgA immune system rather
than within the kidney. The renal deposition of IgA seems to be a reversible
process. It has been reported that after transplantation of a kidney from a
donor with subclinical IgAN into a non-IgAN recipient IgA deposits have
disappeared within weeks (73). Further supporting the statement of IgAN as
a systemic disease, recurrent disease after transplantation is common.
Previous studies have indicated that between 13 and 46% of transplant
recipients experience recurrence, the higher numbers reported from centers
with routine protocol biopsies and from centers with long-term follow-up
(74-80). Recurrence also leads to graft loss in some renal transplant patients.
The estimated 10-year incidence of graft loss due to recurrence has in one
study been reported as 9.7% (CI=4.7-19.5%) (74).
The risk factors for recurrence are largely unknown. Use of a living
related donor seems to increase the risk of recurrence, but the risk of graft
loss is not increased (75). An aggressive clinical course and a short duration
of the disease might also increase the risk of early recurrence (76;81), i.e. the
course of the original disease seems to be repeated with the transplanted
kidney.
For those IgAN patients progressing to end-stage renal disease, renal
transplantation is still the treatment of choice and efforts must be made to
establish treatments or select the best donor kidneys to prevent or delay
recurrence.
The development of IgAN and renal allograft injury share some common
pathogenetic pathways in particular through activation of the innate immune
system (82). As described, innate immunity acts through the recognition of
pathogen-associated molecular patterns by macrophages, dendritic cells,
leukocytes and other cells, and favors opsonization and phagocytosis. There
is a link to the adaptive immune system through mature dendritic cells which
interact with lymphocytes leading to activation of specific T cell and
antibody synthesis (35;82). Recent studies have demonstrated that TLR
signaling is involved in the immune recognition of allografts and that it acts
as a trigger of adaptive immune responses (83). These immune reactions
occur despite immunosuppressive treatment used to avoid rejection of
grafted kidneys.

Treatment of IgAN
There is currently no curative treatment for IgAN, and the treatment goal is
to slow the disease progression and prevent renal failure or optimally
achieve a state of remission. Because of the varying clinical presentation, no
consensus for a single therapeutic treatment plan has been established (84).
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Still, certain therapeutic interventions have appeared beneficial in almost all
reported trials in IgAN. Blockade of the renin-angiotensin-aldosterone
system (RAAS) with angiotensin converting enzyme inhibitors (ACEI)
and/or angiotensin-II receptor blockers (ARB) has antihypertensive,
renoprotective and antiproteinuric effects. This is the most commonly used
non-immunomodulatory treatment regimen for IgAN (85), as it is known
that hypertension and proteinuria are the most important clinical risk factors
for progression of the disease (86). Combination therapy with ACEI and
ARB has in one study shown additional renoprotective effects compared to
single RAAS blockade (87). In the ongoing STOP-IgAN trial a 6-month runin phase was used to uptitrate RAAS inhibitors to their maximum
antiproteinuric effect. This resulted in a decrease in proteinuria to 0.75 g/day
in most patients with IgAN (88). Maximized treatment with ACEI and/or
ARB is thus a key element of the supportive therapy.
Fish oil (omega 3 fatty acids) might have a modest effect on disease
progression although the results are not conclusive (89). Japanese
retrospective studies have indicated that tonsillectomy with or without
immunosuppressive therapy has a favorable effect on long-term renal
survival in patients with IgAN (90;91). Tonsillectomy is used to some extent
in Asia, but there is insufficient data available to recommend such therapy
for all IgAN patients, and tonsillectomy is not commonly used in Europe and
the US. Other non-immunosuppressive therapies are still on an experimental
level. A recent Cochrane review has concluded that, with the exception of
RAAS blockade, the evidence from clinical studies is insufficiently robust to
demonstrate efficacy for any of the other evaluated non-immunosuppressive
therapies in IgAN, and the use of fish oil, statins, anticoagulation/antiplatelet therapy or tonsillectomy is not supported (92).
Immunosuppression is an alternative or add-on treatment to supportive
care in certain forms of IgAN. Randomized trials with oral corticosteroids
(mostly prednisolone) have indicated that steroids can reduce proteinuria and
protect against renal deterioration in IgAN patients (93-100). Still the trials
do not answer which patients would benefit most from steroids, whether they
are the ones with early signs of renal dysfunction or those with more
advanced renal impairment (101), and steroids are not generally
recommended for long-term use due to the well-known systemic side effects
(102). Currently the strategy is to use steroid treatment in patients with
proteinuria above 1 g/day after maximized supportive therapy, including
RAAS blockade, and with a glomerular filtration rate (GFR) above 50
ml/min (88).
The benefit of mycophenolate mofetil (MMF) in IgAN is uncertain
(103;104), as one Chinese study has showed improvement in proteinuria
(105), whereas two studies in Caucasians have failed to demonstrate an
effect (106;107). It is not known whether these differences in effect are due
to ethnic factors, the higher dose of MMF in the Chinese study or other yet
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unidentified factors (88). The use of MMF is thus currently restricted to
patients of Asian origin. Other immunosuppressive monotherapies are not
established and also studies of immunosuppressive combination therapies
(e.g. Ballardie and Roberts (108) reporting better renal survival with
cyclophosphamide in combination with corticosteroids as compared with
supportive therapy in IgAN patients with progressive loss of renal function
at baseline) suffer from considerable limitations. Immunosuppressive
combination therapies are not recommended in IgAN patients unless there is
evidence of rapidly progressive, crescentic glomerulonephritis and/or a
vasculitic course (88).
The ongoing STOP IgAN trial will investigate whether the combination
of optimized supportive therapy and immunosuppressive therapy is better
than supportive therapy alone (109).
In 2006 Locatelli et al. published (110) a proposal for a treatment
algorithm starting with an ACEI or ARB, further combining the two and
then adding a 6 months steroid regimen in case of proteinuria > 1g/24h.
Cytotoxic drugs could be tried if the patient is resistant to the above
mentioned alternatives. A similar approach is suggested by Floege in a
recent review (88).
Although no consensus has been reached for prevention of recurrence of
IgAN in a renal transplant, ACEIs or ARBs are commonly used to avoid
graft loss from recurrent disease, as hypertension and heavy proteinuria are
known to be detrimental to the graft survival in renal transplant recipients
(111). Courtney et al. (112) have reported a trend in improved 5-year and 10year graft survival in transplant recipients (with end-stage renal disease due
to IgAN) being prescribed ACEI/ARBs as compared to patients not
receiving such treatment. The same trend was seen in a study by Ponticelli et
al. (78) and in a group of 10 patients in a study by Oka et al. (113), whereas
Chandrakantan et al. did not find any beneficial effect of ACEI/ARBs (114).
Based on the few studies available, immunomodulating treatment does
not seem to influence the risk of recurrence. A study by Chandrakantan et al.
has shown no effect of MMF compared with azathioprine (AZA) (114). And
other potential choices of immunosuppressive treatment after renal
transplantation, e.g. cyclosporine A, tacrolimus and sirolimus, did not seem
to prevent recurrence of IgAN either (115).
At the moment treatment of IgAN is primarily based on supportive care
with addition of immunosuppression in some instances. With new
knowledge about the pathogenesis of IgAN new, perhaps individualized
therapeutic approaches are likely to be seen in the near future, both in the
treatment of primary and recurrent IgAN (116).
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Aims

The aims of the present studies have been to explore the link between
subclinical inflammatory reactions elicited by food antigens in the gut
mucosa and IgAN and investigate whether enteric administration of a
glucocorticoid may ameliorate symptoms of IgAN. Further aims have been
to investigate the epidemiology of recurrent IgAN after renal transplantation
and how treatment affects the rate of recurrence and graft loss.
Specific aims were:
to evaluate the rectal mucosal reactivity of IgAN patients to selected
dietary antigens: gluten, soy and cow’s milk (CM);
to investigate prospectively the effect of targeted release budesonide
on albuminuria, estimated glomerular filtration rate and serum
creatinine and to explore the product safety in patients with IgAN;
to investigate the associations between pharmacological treatment
and recurrence of IgAN and graft loss after renal transplantation due
to IgAN, as reported in transplant registries.
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Methods

Ethics
All studies described below were approved by the Ethics Committee of the
Medical Faculty, Uppsala University. In addition the regional ethics
committee (region South) in Norway reviewed the study described in paper
IV. For all intervention projects (papers I-III) the patients gave their
informed consent to participation prior to any study specific procedures. For
the retrospective analysis of registry data (paper IV), the ethics committees
(Sweden and Norway) approved review of data without obtaining a study
specific written informed consent from the patients. It is emphasized,
however, that all patients in this project had signed a general consent for
their medical data to be registered in the renal registries and used in clinical
research.

Mucosal Patch Technique – Evaluation of
Gastrointestinal Sensitivity
Subjects
A total of 28 subjects (20 males) with established IgAN, as verified by
biopsy, were recruited from the University Hospital of Uppsala for studies I
and II. Three patients had recurrent IgAN in renal transplant allografts, of
which one was transplanted twice and experienced recurrent IgAN in both
allografts. One patient had celiac disease. This patient obviously had a
significant reaction to gluten and was left out of the formal analyses
regarding gluten. For study II, 15 healthy controls (10 males) were included.
For study I, three additional male control subjects were included giving 18
healthy controls. Subjects with a history of anaphylaxis or anorectal
inflammation were not included.
Food protein challenge
The patients and the healthy control subjects were challenged with 6.2-6.5 g
of selected proteins from food suspended in 25 ml 0.9% NaCl solution and
administered as enemas. The proteins used were: crude wheat gluten (Sigma
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Chemical Co., St. Louis, MO, USA), dry milk powder (Semper AB,
Stockholm, Sweden) and soy protein (Sigma-Aldrich Inc., St. Louis, MO,
USA). The proteins were selected based on previous studies with dietary
antigens in IgAN finding glomerular deposits of soy bean protein and casein
(a CM protein) (46;47) and serum antibodies to gliadin and CM proteins in
selected patients (37;42;117).
The study subjects retained their protein enemas for at least one hour.
This rectal procedure was performed between 4 and 6 p.m. and samplings
were made 15 hours later, between 7 and 9 a.m. The subjects were told to
fast for one hour before and one hour after the challenge and also from
midnight until the samplings were made. All patients and controls were
given a rectal enema (Klyx 120 ml; Ferring A/S, Copenhagen, Denmark)
within one hour before being tested with MPT.
Mucosal patch technique and analytical measurements
The instrument used was a plastic catheter with a silicon balloon at the end
of the catheter. Three patches made of highly absorptive cellulose material
(Phadia AB, Uppsala, Sweden) were attached to the balloon. After the
instrument was positioned in the rectum with the subject lying in the left
lateral position the balloon was inflated with air bringing the patches in
contact with the mucosa for 20 minutes. The balloon was then deflated and
the content of the patches extracted as previously described by Kristjánsson
et al. (118) (figure 3). The extraction solutions were frozen at –70oC and
analyzed, according to the instructions of the manufacturers, for
concentrations
of
granule
contents/proteins
from
neutrophils
(myeloperoxidase; MPO) and eosinophils (eosinophil cationic protein; ECP)
using enzyme-linked immunosorbent assay (ELISA)-MPO kit from
Diagnostics Development AB, Uppsala, Sweden and ECP ImmunoCap from
Phadia AB, Uppsala, Sweden.
Gaseous samples from rectum were collected with glass syringes during
deflation of the balloons and analyzed for NO with a chemiluminescence NO
analyzer (model Sievers NOA 280, Ionics Instrument Business Group,
Boulder Inc., CO, USA) as previously described (119).
Each patient’s baseline value was obtained (without protein challenge or
after another negative protein challenge), at least one week before or after
the protein challenge. Each protein challenge was also performed with at
least one week separation in order to let the mucosa return to normal before
new challenges.
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A

B

C
Measures of various
inflammatory markers

NO measurements

Figure 3. Schematic drawing of the procedures in the mucosal patch technique.
A) Catheter with non-inflated balloon and with the patches protected by shields.
B) The catheter with the inflated balloon in the rectal ampulla and with the patches
in contact with the mucosa. After 20 minutes the balloon is deflated and the air
samples are collected in a glass syringe for the analysis of NO. C) Patches are cut off
after removal of the catheter from the rectum and immediately placed into the
extraction solution to extract the content. The solutions are frozen for subsequent
analyses.

The timing of the NO and MPO measurements was based on previous
studies in celiac disease demonstrating that gut mucosal granulocyte
activation precedes NO production after gluten challenge and that 15 hours
after food protein challenge, there is both an MPO and NO response present
(119). A similar timing was used in previous studies in other patient groups
using MPT (120-122). The MPO response versus time was evaluated at
selected time points in one IgAN patient after soy exposure indicating that
the highest MPO response was after 15 hours. A limitation in the time
decision is that only one IgAN patient was evaluated and that only five
selected time points (10, 15, 20, 24, 48 hours) were evaluated. Based on the
measurements from this one patient, the choice of 15 hours as the best
sampling time was left unchanged. After 15 hours it would be possible to
detect increases in both NO and MPO. There were no indications that a
different timing would have been better in the IgAN patients compared to
patients with celiac disease, rheumatoid arthritis, spondyloarthropathy and
primary Sjögren’s syndrome (119-122).
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Serum antibodies
Serum samples were analyzed for IgA and IgG antibodies to gliadin and IgA
antibodies against tissue transglutaminase by use of ELISA. IgA
endomysium antibodies were measured by use of an indirect fluorescence
technique (Kallestad Diagnostics Inc., Chaska, MN, USA). Serum IgA and
IgG antibodies to alfa-lactalbumin, beta-lactoglobulin, casein, soy and rGly
m4 PR-10 soy were measured according to the manufacturer’s instructions
(Phadia AB, Uppsala, Sweden). All analyses were undertaken by the
Department of Clinical Immunology, Uppsala University Hospital, Uppsala,
Sweden.
Genotype testing and assessment of renal function
Estimated GFR (eGFR) was calculated from serum creatinine using the
MDRD (Modification of Diet in Renal Disease) formula. Twenty-four hour
albuminuria data were routinely collected for all IgAN patients and the
sample date closest to the food protein challenge MPT test was chosen for
the evaluation of proteinuria. HLA DQB1 genotype testing was performed
by use of PCR-SSOP (polymerase chain reaction sequence specific
oligonucleotide probes) on the Luminex flow bead platform (One Lambda
Inc., Canoga Park, CA, US) at the department of Clinical Immunology at
Uppsala University Hospital, Uppsala, Sweden.
Statistical analyses
The statistical analyses were performed using SPSS version 14.0 (Chicago, IL,
USA). The results are presented as means ± standard error of the mean (SEM)
for data with normal distribution and median and interquartile range within
brackets for skewed data. The Mann-Whitney U-test, Fisher’s exact test and
Spearman’s rank correlation test were used for the statistical analyses.

Prospective, Randomized Study of Enteric Budesonide
Subjects
A total of 16 patients (10 males) with biopsy-verified IgAN were recruited
from three Swedish university hospitals (Uppsala University Hospital,
Karolinska Institute and Linköping University Hospital) for study III. All
patients were 18 years or above, had albuminuria (U-albumin) of more than
500 mg per day and serum creatinine (S-creatinine) less than 200 mol/L
(verified by at least four sample results within a two-year period prior to
inclusion). The mean age for the patient group was 39 ± 13 years (range: 2174).
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The main exclusion criteria were:
severe gastrointestinal disorders which could impair the effects of the
study drug;
uncontrolled blood pressure (treated or untreated) defined as a systolic
blood pressure
160 mmHg and/or diastolic blood pressure
100 mmHg;
hyperlipidemia considered unacceptable by the investigator;
introduction of an angiotensin-converting enzyme inhibitor (ACEI),
angiotensin II receptor blocker (ARB) or other blood pressure lowering
substance within last three months prior to enrollment;
treatment with immunosuppressive or systemic corticosteroid agents;
intake of CYP3A4 inhibitors (including grape fruit juice);
significant liver disease (defined as ASAT and/or ALAT and/or -GT
values greater than twice the upper limit of normal);
uncontrolled (treated or untreated) congestive heart failure as judged by
the investigator;
history or presence of malignancies during the last three years;
history or presence of psychological or psychiatric illness which could
interfere with the patient’s ability to adhere to the protocol;
present alcohol or drug abuse;
use of other investigational drug within 30 days prior to enrolment.
Women of childbearing potential were required to implement adequate
contraceptive measures during the study.
Doses of ACEI and ARBs were not changed during the study. Fourteen
patients received stable doses of ACEI (9 patients) and/or ARBs (8 patients)
prior to and during the study. One patient received diuretics in addition to an
ACEI.
Only patients with a fairly well preserved renal function were included in
our study (serum creatinine had to be less than 200 mol/L) since the aim
was to exclude patients beyond an arbitrarily assumed “point of no return”
(123). In patients with serum creatinine higher than 200 mol/L supportive
therapy is still continued, as it can stabilize renal function for years at even
very low GFR levels (88). However, immunosuppressives are not commonly
used in these patients. All included patients in our study were well below the
serum creatinine threshold, and high serum creatinine values did not impact
the outcome of the study.
Investigational Medicinal Product
Nefecon® (Pharmalink AB, Sweden) is a targeted release formulation of the
corticosteroid budesonide. The Nefecon® capsules are designed using a
modification of the TARGIT® starch capsule technology (124) (Archimedes
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Pharma Ltd., Reading, UK) in which starch capsules are coated with pHsensitive coatings. Each capsule contains 4 mg budesonide and is designed
to release its content in the ileocaecal region of the gastrointestinal tract,
minimizing the systemic availability.
Study design and measurements
The study was an open, uncontrolled pilot study designed to explore
potential treatment effect and safety profile of targeted release budesonide.
Budesonide 8 mg/day was given orally for six months, followed by a three
months follow-up period. The efficacy was measured as change in 24-h
urine albumin excretion, serum creatinine and eGFR (determined both from
the levels of plasma cystatin C and calculated by using the MDRD formula
and the Cockcroft-Gault formula).
Serum concentrations of IgA and IgA antibodies against gliadin were
determined by ELISA at baseline and at the end of treatment or the time of
early withdrawal from treatment.
Measurement of GD-IgA1 was performed both before and after removal
of sialic acid by neuraminidase treatment essentially as described by
Moldoveanu et al (125). MaxiSorp plates (NUNC A/S, Roskilde, Denmark)
were coated overnight at 4°C with 10 µg/ml F(ab´)2 fragment of goat IgG
anti-human IgA (Jackson Immuno-Research Labs. Inc., West Grove, PA,
USA) in coating buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6). Nonspecific binding was blocked with phosphate buffered saline (PBS)-0.05%
Tween (PBS-T) containing 2% bovine serum albumin (BSA) for 4 h
followed by incubation with serum samples diluted with PBS-T to a
concentration of 100µg/ml IgA overnight at room temperature. After
washing, biotin-labeled GalNAc-binding lectin from Helix Aspersa (HAA,
Sigma-Aldrich Inc., St. Louis, MO, USA) was added to each well (diluted
1:200 in PBS-T). After 3 h of incubation at 37°C the plates were washed and
the wells were incubated with ExtrAvidin (Sigma-Aldrich Inc., St. Louis,
MO, USA) diluted 1:10 000 in PBS-T for 1 h at room temperature. After
incubation the plates were washed and substrate solution was added to each
well (O-phenylenediamine-H2O2, Sigma-Aldrich Inc., St. Louis, MO, USA).
Color reaction was stopped using 0.5M sulfuric acid and the absorbance was
recorded at 490 nm. All washes were performed with PBS-T.
The same protocol was used for analysis of desialylated samples except
that neuraminidase from Clostridium Perfringens (2 mU/ml, Sigma-Aldrich
Inc., St. Louis, MO, USA) in 5 mM acetate buffer pH 5.5 was added to each
well and incubated at 37°C for 3 h prior to adding biotinylated HAA.
Safety was assessed by measuring hematology parameters, liver enzymes,
electrolytes and vital signs, and by paying particular attention to potential
systemic side effects of corticosteroids. Spontaneously reported adverse
events were also recorded.
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Statistical analyses
The statistical analyses were undertaken using R version 2.7.2 (R foundation
for statistical computing, Vienna, Austria) and SAS version 9.1.3 (SAS
Institute Inc., Cary, NC, USA). The results are presented with the median
and interquartile range within parentheses. The Wilcoxon signed rank test
was used to test if the relative change from baseline to the end of treatment
differed from zero. Regression analyses were performed to estimate the
individual slope before and during treatment. The slopes during treatment
and the difference between slopes before and during treatment were then
tested if they differed from zero using the Wilcoxon signed rank test.
Significance of the latter test indicates that there is a change in individual
slope during treatment adjusted for individual slope before treatment.

Recurrence and Graft Loss in Patients Transplanted Due
to IgAN
Subjects
Patients having received a primary renal transplant due to IgA nephropathy
at the University Hospital of Uppsala, Sweden, between 1 April 1988 and
19 June 2007, and between 1 September 1988 and 4 October 2007 at the
Oslo University Hospital, Rikshospitalet, Norway, were identified from the
transplantation registries. Patients were excluded if the diagnosis was not
verified by biopsy. Patients were also excluded from the analyses if the graft
was lost due to technical complications or due to rejection within the first
three months. Follow-up data from more than one year after transplantation
had to be available.
Data collection
Data recorded upon review of medical records included: gender, age, source
of allograft, immunosuppressive regimen, antihypertensive treatment, statin
treatment, serum creatinine, proteinuria, blood pressure, time of allograft
biopsies and cause of allograft loss.
Renal outcome
Allograft biopsies had been performed when the patients presented with
clinical symptoms (e.g. proteinuria, deterioration of renal transplant
function), i.e. no protocol biopsies were performed. The reason for graft loss
was registered with one cause only in the registries. Investigations of the lost
allograft were seldomly performed meaning that the reason for graft loss was
based on clinical interpretation only. It is possible that recurrence of IgAN
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was missed and rather diagnosed as chronic rejection / chronic allograft
nephropathy in some instances.
Pharmacological treatment
All statin, antihypertensive (ACEI, ARB, beta-blocker, calcium channel
blocker, diuretics, alpha-blocker or a combination of alpha- and betablocker) and immunosuppressive treatments were recorded. Patients were
considered to be on ACEI, ARB or statins if such treatment was recorded at
any time. For the analysis of recurrence, only medication prescribed prior to
the time of recurrence was considered. The number of antihypertensive
medications per patient was set as the highest number observed during the
follow-up phase.
Statistical analyses
The results are presented with the median and 95% confidence interval
within parentheses unless otherwise specified. The Kaplan-Meier method
was used for estimating median times to IgAN recurrence and death
censored graft loss. Log-rank test was used to test the differences. Cox
regression was used for estimating corresponding hazard ratios (HR) and
significance tests. Factors potentially associated with recurrence or graft loss
were included in a multiple Cox regression analysis. Predictor variables with
missing values were excluded from the model if not found significant in
preliminary multiple Cox regression analyses. Backward selection was used
to remove non-significant covariates with p<0.05 considered statistically
significant. SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) was used
for the statistical analyses.

29

Results

Gluten Sensitivity in Patients with IgAN
Inflammatory response upon antigen challenge
Approximately one third of IgAN patients (8/27) experienced gluten
reactivity, as demonstrated by increased local mucosal NO production and/or
MPO release after gluten challenge.
Six of 27 patients (22%) had a significantly increased NO production
response upon rectal challenge with gluten, as compared to the 97.5
percentile (i.e. 73 ppb) in the control group, whereas six of 27 patients (22%)
demonstrated higher MPO values after gluten challenge as compared to the
mean level + 2 SD (i.e. 25 g/L) in healthy controls.
Individual data for patients with a positive rectal mucosal inflammatory
reaction to gluten exposure as documented by increased NO and/or MPO
levels are given in table 1.
Table 1. Individual data for patients with a positive rectal mucosal inflammatory
reaction to gluten exposure as documented by increased NO and/or MPO levels.

# 28

853

34

70

Urine
albumin
(mg/day)
20

# 12
#9
#4
# 11
# 18
# 33

550
354
295
131
78
47

60
231
9
26
10
41

39
55
39
33
47
14

1224
50
1800
29
26
106

Subject

NO
(ppb)

MPO
( g/L)

IgA AGA
(kU/L)

eGFR
(ml/min)

HLA
typing

15

Neg.

93
53
74
58
81
20

Neg.
ND
Neg.
DQ8
DQ8
Neg.

# 19

0,5

103

138

219

78

ND

Ref.

<73

<25

<40

<30

>60

NA

ND (not done); NA (not applicable); Neg (negative); Ref (Reference values, calculated as 97.5 percentile
of control values for NO and IgA AGA, mean + 2 SD of control values for MPO, and by using normal
range for urine albumin and eGFR)
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A positive correlation was found between MPO and NO responses
(Spearman’s rho=0.46, p<0.05) in the patient group.
Serum antibodies
None of the patients had elevated levels of tissue transglutaminase
antibodies or of endomysium antibodies.
Significantly increased levels of serum IgA antigliadin antibody (IgA
AGA > 40 kU/L, i.e. 97.5 percentile of control values) were seen in 9 IgAN
patients, i.e. 33% of the patients. The increase in IgA AGA did not correlate
with the gluten sensitivity as measured by NO and/or MPO (Spearman’s
rho=0.12, p=0.55 and Spearman’s rho=0.24, p=0.24, respectively). Neither
did the levels of IgA AGA correlate with age nor with disease duration (data
not shown). A specific serum IgG antigliadin antibody response was seen in
only one patient that was gluten sensitive with increased MPO and NO
values.
HLA genotyping
Twenty-four patients accepted HLA genotyping. Of these, six were HLADQ8 positive and one was HLA-DQ2 positive. None had both haplotypes.
No correlation was seen between the HLA genotype and gluten sensitivity.
Albuminuria and renal function
As expected, most of the IgAN patients experienced some degree of
albuminuria, ranging from 50 mg to 4.5 g/day. The degree of albuminuria
did not seem to correlate with the degree of inflammatory response upon
rectal challenge nor with eGFR, using the MDRD formula for estimation.
Furthermore, there was no correlation between eGFR and inflammatory
response.

Soy Sensitivity in Patients with IgAN
Inflammatory response upon antigen challenge
In total thirteen (13/28) patients displayed a mucosal immune reaction to soy
measured as an increase in MPO and/or NO levels.
The NO and MPO levels before challenge were similar to normal levels.
Ten of 28 (10/28) patients had a mucosal NO reaction to soy exposure
compared to the control group (i.e. significant NO production upon rectal
challenge with soy, as compared to the mean increase + 2 SD in the control
group (i.e. 19 ppb) (see figure 4a)). MPO values above the mean MPO +
2 SD of the controls (41 g/L) were seen in six (6/28) of the patients after
NO
soy challenge (figure 4b), three of which also demonstrated high
levels. No correlation between MPO and NO after soy challenge was
found (data not shown).
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Figure 4. a) Increase in rectal nitric oxide ( NO) after soy challenge in patients with
IgA nephropathy and in healthy controls. The horizontal reference line represents
the response cut-off level, defined as two standard deviations (SD) above the mean
of control subjects ( NO= 19 ppb). b) Increase in rectal myeloperoxidase ( MPO)
after soy challenge in patients with IgA nephropathy and in healthy controls. The
horizontal reference line represents the response cut-off level, defined as two SD
above the mean of control subjects ( MPO= 41 g/L).

Serum antibodies
No differences were seen in serum levels of IgA or IgG antibodies to soy
and rGly m4 PR-10 soy when comparing soy sensitive IgAN patients and
non-sensitive patients and when comparing the IgAN patients with the
control group.

Cow’s Milk Sensitivity in Patients with IgAN
Inflammatory response upon antigen challenge
Seven of 28 (7/28) patients experienced a mucosal reaction upon challenge
with CM proteins (an increase in NO of more than 188 ppb and/or an
increase in MPO of more than 50 g/L (cut-off for NO response set as the
97.5 percentile in the control group and calculated as mean change for
controls + 2 SD for the MPO response)). MPO levels above the cut-off
value were seen in six patients; whereas NO levels above the cut-off value
were seen in four patients (figure 5). A positive correlation was found
between rectal NO and MPO values after CM challenge (Spearman’s
rho=0.48, p=0.01) in the patient group.
Two patients had a very strong reaction to CM as measured by MPO
response (figure 5b). One of these patients (the patient with celiac disease)
had NO production 10-fold higher than other responders (figure 5a).
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Figure 5. a) Increase in rectal nitric oxide ( NO) after cow’s milk protein challenge
in patients with IgA nephropathy and in healthy controls. The horizontal reference
line represents the response cut-off level, defined as two standard deviations (SD)
above the mean of control subjects ( NO= 188 ppb). b) Increase in rectal
myeloperoxidase ( MPO) after cow’s milk protein challenge in patients with IgA
nephropathy and in healthy controls. The horizontal reference line represents the
response cut-off level, defined as two SD above the mean of control subjects
( MPO= 50 g/L).

Serum antibodies
The mean serum levels of IgA antibodies to alfa-lactalbumin, betalactoglobulin and casein were similar in the CM sensitive IgAN patients and
the non-sensitive patients. The levels of IgG antibodies to alfa-lactalbumin,
beta-lactoglobulin and casein were, however, significantly higher in CM
sensitive as compared with non-sensitive IgAN patients (see table 2).
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Table 2. Serum antibodies against cow’s milk proteins
Antibodies

Controls
(N=15)

IgAN
(N=28)

P value

NS

Non-milk
sensitive
IgAN
(N=15)
3.2 (3.5)

Milk
P value
sensitive
IgAN
(N=13)
13.2 (4.7) 0.004

IgG anti-casein (g/L)

3.4 (8.7)

3.9 (8.5)

IgA anti-casein (g/L)

1.9 (1.7)

2.4 (1.8)

NS

2.2 (1.7)

3.3 (2.4)

NS

IgG anti-alfalactalbumin (g/L)
IgA anti-alfalactalbumin (g/L)
IgG anti-betalactoglobulin (g/L)
IgA anti-betalactoglobulin (g/L)

2.0 (0.5)

2.3 (5.1)

NS

0.0 (3.1)

5.4 (6.2)

0.006

1.2 (0.4)

1.8 (1.2)

0.003

1.9 (1.4)

1.8 (0.9)

NS

3.2 (2.5)

4.4 (6.4)

NS

3.3 (5.0)

8.5 (9.2)

0.012

1.0 (0.4)

1.7 (0.9)

0.001

1.6 (1.0)

1.8 (0.7)

NS

Enteric Budesonide Ameliorates Proteinuria
After six months treatment with enteric budesonide, the median reduction in
urine albumin was 529 mg/24 h (interquartile range: -60, -757), i.e. a relative
reduction of 23% from baseline until the end of treatment (interquartile
range: -0.36, -0.04; p=0.04) (see table 3).
Table 3. Median values (interquartile range within parentheses) before treatment,
after treatment and difference (with corresponding p-values for the difference) for
urine albumin, serum creatinine, plasma cystatin C, eGFR (MDRD), eGFR
(Cockcroft-Gault), eGFR (p-cystatin C) and blood pressure
Baseline
u-albumin (mg/24h)
s-creatinine ( mol/l)
p-cystatin C (mg/l)
eGFR (MDRD)
(ml/min/1.73m2)
eGFR (CockcroftGault) (ml/min)
eGFR (p-cystatin C)
(ml/min/1.73m2)
Blood pressure –
systolic (mmHg)
Blood pressure –
diastolic (mmHg)
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End of
treatment

1579
1208
(1086, 2308) (1120, 1638)
105
95
(94, 126)
(87, 118)
1.12
0.96
(1.02, 1.27) (0.86, 1.23)
64
67
(54, 74)
(60, 93)
98
97
(77, 110)
(71, 120)
74
73
(57, 86)
(63, 89)
123
129
(120, 130)
(111, 140)
80
82
(77, 81)
(80, 87)

Median of
Relative
individual
individual
changes
change
-529
-0.23
(-60, -757) (-0.36, -0.04)
-7.5
-0.06
(-2, -13)
(-0.12, -0.02)
0.01
-0.02
(-0.17, 0.10) (-0.15, 0.08)
7
0.08
(1, 10)
(0.02, 0.16)
4
0.04
(0, 12)
(-0.01, 0.11)
3
0.03
(-6, 9)
(-0.07, 0.14)
9
0.08
(-4, 11)
(-0.4, 0.08)
4
0.04
(-4, 10)
(-0.04, 0.13)

P
0.04
0.003
NS
0.003
0.06
NS
NS
NS

1

0%

0

2

200%
U_Albumin (pct change)

Relative change in albuminuria from baseline

The median reduction in urine albumin peaked at 40% (interquartile
range: -0.58, -0.15) two months after treatment discontinuation (figure 6).
Seven patients out of 16 experienced more than 25% reduction in urine
albumin. The pre-treatment values ranged from 0.3 g to 6 g/24 h (median:
1.6 g/24h).
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Figure 6. Relative change in albuminuria from baseline to each study visit.
Arrow shows end of treatment.

The regression analysis showed a significant negative slope for urine
albumin level during treatment (-1.75 (-3.98, -0.62), p=0.02). Fourteen of 16
patients had a reduction in urine albumin over time during the treatment
period. In two of these patients the reduction in urine albumin during
treatment was not larger than that observed pre-treatment, i.e. the slopes of
the regression lines were steeper before than during treatment. When
considering the difference in regression line coefficients before and during
treatment, twelve patients may be considered as having responded to
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treatment. The difference in regression line coefficients (prior to and during
medication) reached borderline significance (1.6 (-0.16, 4.95), p=0.07), due
to four non-responders. The blood pressures were not changed from baseline
until the end of treatment.
The reduction in serum creatinine was modest, but significant (median
7.5 mol/l; interquartile range: -15, -1; p=0.005) giving a relative reduction
in serum creatinine of 6% (interquartile range: -0.12, -0.02; p=0.003). The
regression analysis showed a borderline significant negative slope for
creatinine during treatment (-0.04 (-0.06, -0.0002), p=0.05). Twelve of 16
patients had a reduction in serum creatinine vs. time during the treatment
period, with pre-treatment values between 60 and 138 mol/l (median:
105 mol/l). However, the difference in coefficients (prior to and during
medication) was not significant.
The eGFR (MDRD) increased by approximately 8% (median) from
baseline until the end of treatment (interquartile range: 0.02, 0.16; p=0.003);
absolute change 7 ml/min/1.73m2 (interquartile range: 1, 10) (see table 3).
Eleven of 16 patients had an increased eGFR (MDRD) during the treatment
period, with pre-treatment values between 49 and 108 ml/min/1.73m2
(median: 64 ml/min/1.73m2). The eGFR was increased by approximately
4 ml/min (median) when estimated by the Cockcroft-Gault formula
(interquartile range: 0, 12); relative change 4% (interquartile range: -0.01,
0.11; p=0.06). When using the GFR values determined from the plasma
levels of cystatin C, no increase in GFR was found (see table 3).
There were no significant differences in IgA concentrations before and
after treatment. The median serum IgA concentration was 3315 g/ml
(range: 1500 – 5400 g/ml) at baseline and 3450 µg/ml at end of treatment/
treatment withdrawal (range: 1700 – 5500 µg/ml).
There were no significant differences in HAA-IgA levels (a measure of
serum GD-IgA1) between pre- and post-treatment samples, as measured
both before and after removal of sialic acid by neuraminidase treatment.
Furthermore, no changes in IgA antibodies against gliadin were found (data
not shown).
Three patients were prematurely withdrawn from the study due to adverse
events, of which two, both related to abdominal pain, were considered
possibly and probably related to the study drug, respectively. The third
patient withdrew due to sleep disturbances and increased micturition,
considered not related to study treatment by the investigator. No major
corticosteroid related side effects were observed or reported.
Two patients with baseline urine albumin levels of 260 mg/24 h and
460 mg/24 h were erroneously included in the study, but still included in the
intention-to-treat analyses. These were both classified as non-responders.
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Effect of Statins on Recurrence of IgAN and Graft Loss
Of the in total 5286 transplantations reviewed from the transplantation
registries in Uppsala, Sweden and Oslo, Norway, 427 (8.1%) were due to
end-stage renal failure caused by IgA nephropathy; 189 grafts (13.9%) in
Sweden and 238 grafts (6.1%) in Norway. Data from 306 patients were
available for analysis, as outlined in the flow chart (figure 7). The median
duration of follow-up for these patients was 60 months (range 12-249
months). Patient characteristics are summarized in table 4.

Total number of tx:
5286

Tx due to IgAN: 427

Tx analyzed: 306

Exclusions:
Graft failure due to technical complications,
acute rejection or thrombosis within the
first three months (8)
Less than one year follow-up data (15)
Second or third transplant (58)
Biopsy confirmation of IgAN not available
(40)

Figure 7. Patient disposition (tx=transplantations)
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Table 4. Patient characteristics (n=306)
Characteristics
Sex

Number (%)

Male
Female
Age (years at time of IgAN diagnosis) (mean ± SD)

239 (78%)
67 (22%)
37.1 ± 13.4

Age (years at time of transplantation) (mean ± SD)

43.1 ± 13.3

Smoker
Never
Former/current
Not known

190 (62%)
87 (28%)
29 (9%)

Positive
Negative
Not known

201 (66%)
97 (32%)
8 (3%)

Living related
Living unrelated
Deceased
Not known

138 (45%)
26 (8%)
141 (46%)
1

0
1-2
3-4
5-6
Not known

25 (8%)
76 (25%)
142 (46%)
59 (19%)
4 (1%)

CMV status

Donor source

HLA mismatch

PRA
T-cells
13 (4%)
B-cells
19 (6%)
Cold Ischemia Time
< 12 h
198 (65%)
12-24 h
95 (31%)
> 24 h
5 (2%)
Not known
8 (3%)
Dialysis duration (months; median)
8 (range: 0-62)
51.5 (range: 0-513)
Time from
IgAN diagnosis to tx (months; median)
60 (range: 12-249)
Time from tx to end of follow-up
(months; median)
Baseline immunosuppression
Induction therapy
110 (36%)
Non-depleting
106 (96%)
Depleting
4 (4%)
CsA/MMF/Pred
101 (33%)
CsA/ Pred
71 (23%)
CsA/AZA/Pred
57 (19%)
Tac/MMF/Pred
26 (8%)
Tac/Pred
24 (8%)
Other
27 (9%)
CsA=cyclosporine A; MMF=mycophenolate mofetil; AZA=azathioprine, Pred=prednisolone,
Tac=tacrolimus; CMV=cytomegalovirus; HLA=human leukocyte antigen; PRA=panel
reactive antibody
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Recurrence of IgAN
Recurrence of IgAN was diagnosed by biopsy in 41 transplants (13.4%).
Time from IgAN diagnosis (by biopsy) to renal transplantation was shorter
in patients with recurrence (median 34 months (95% CI: 21 months, 51
months)) compared to patients without recurrence (median 55 months (95%
CI: 49 months, 62 months)), p=0.0003. No increased risk of recurrence was
demonstrated for patients receiving an allograft from a living related donor
compared to those receiving transplants from an unrelated donor. No
association was found between donor age and IgAN recurrence.
Statins
Recurrence was seen in 9% of the patients on statins compared with 21% of
the patients without statin treatment. The median time to IgAN recurrence
was longer in patients using statins (>248 months vs. 148 months, p<0.001
(figure 8); adjusted HR: 0.24 (95% CI: 0.13, 0.48), p<0.0001, table 5). There
was no difference in cholesterol levels between statin treated patients with
and without IgAN recurrence.

Figure 8. Kaplan-Meier curves for IgAN recurrence-free survival for the 187 statin
treated patients and the 119 non-statin treated patients with end-stage renal disease
due to IgAN. P<0.0001, log-rank test.
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Antihypertensive treatment
Time to recurrence of IgAN was shorter in patients receiving ACEI/ARB
compared to patients without such treatment (adjusted HR: 6.5 (95% CI:
1.99, 21.4), p=0.002, table 5).

Table 5. Risk factors for recurrence of IgAN in IgAN transplanted patients (n=306)
Variable
Age (years)
Sex (male v female)
Time from initial IgAN
diagnosis to first
transplantation (months)
Use of ACEI/ARB
Use of statins
Use of cyclosporine
Use of tacrolimus
Use of mTOR inhibitors
Use of azathioprin
Use of MMF

Univariate HR
(95% CI for HR)
0.98 (0.95-1.003)
5.77 (1.39-23.8)
0.99 (0.982-0.998)

P
0.083
0.016
0.013

6.40 (1.97-20.8)
0.28 (0.15-0.53)
0.86 (0.33-2.23)
1.37 (0.41-4.60)
0.71 (0.17-2.93)
0.51 (0.26-1.02)
1.77 (0.82-3.81)

0.002
<0.0001
0.76
0.60
0.63
0.056
0.15

Multiple model HR
(95% CI for HR)

P

5.31 (1.27-22.2)
0.99 (0.983-0.999)

0.022
0.025

6.53 (1.99-21.4)
0.24 (0.13-0.48)

0.002
<0.0001

Donor age, dialysis duration, number of rejection episodes, donor relation, cold ischemia time, HLA
mismatch, PRA, systolic blood pressure one year after transplantation, diastolic blood pressure one year
after transplantation, serum creatinine level one year after transplantation, number of antihypertensives
and induction therapy were excluded from the final model. (mTOR=mammalian target of rapamycin)

Death censored graft loss
Graft loss occurred in 47 transplants (15.4%) and was caused by recurrence
of IgAN in 22 transplants (7.2%).
The 10-year graft survival among patients with IgAN recurrence was 47%
compared with 89% in patients without recurrence. The 15-year graft
survival was 7% and 78% for patients with and without biopsy verified
IgAN recurrence, respectively. The median graft survival time for patients
with IgAN recurrence was 110 months (95% CI: 77 months, 162 months);
for patients without recurrence the median graft survival time was
>241 months (95% CI: 220 months, no upper limit), p<0.0001. The duration
of the primary disease prior to transplantation was shorter in patients
experiencing death censored graft loss, 29 months (95% CI: 21 months,
41 months) vs. 56 months (95% CI: 50 months, 63 months), p<0.0001.
A significant association was found between donor age and graft loss
(table 6). The risk of graft loss was higher in allografts from unrelated
donors compared to related donors (table 6). Acute rejections were
associated with graft loss (adjusted HR 1.50 (95% CI: 1.07, 2.11), p=0.02,
table 6).
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Statins
The median time to graft loss (any reason) was longer in patients on statin
treatment: 220 months (95% CI: 176 months, no upper limit) vs. 162 months
(95% CI: 105 months, no upper limit), p=0.001 (figure 9); HR: 0.34 (95%
CI: 0.17, 0.71), p=0.004). Eleven percent of the transplants resulted in graft
loss among patients on statins compared with 20% among patients without
statin treatment. Analysis of patients who lost their grafts due to recurrence
of IgAN did not reveal any difference with statin therapy.

Figure 9. Kaplan-Meier death censored graft survival curves for the 192 statin
treated patients and the 114 non-statin treated patients with end-stage renal disease
due to IgAN. P=0.001, log-rank test

Antihypertensive treatment
When analyzing only patients experiencing recurrence of IgAN, time to graft
loss due to IgAN was longer for those treated with ACEI/ARB (126 months
vs. 55 months, p=0.003). Only three patients did not receive ACEI/ARB in
this group and all experienced graft loss. No effect was seen on overall graft
loss (irrespective of recurrence status).
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Table 6. Risk factors for graft loss in IgAN transplanted patients (n=306)
Variable
Age (years)
Sex (male v female)
Donor age (years)
Donor
(related v unrelated)
Number of acute
rejection episodes
Use of statins
Use of cyclosporine
Use of tacrolimus
Use of mTOR inhibitors
Use of azathioprin
Use of MMF

Univariate HR
(95% CI for HR)
0.98 (.95-1.01)
1.03 (.49-2.14)
1.02 (1.001-1.047)
0.70 (0.38-1.28)

P

Multiple model HR
(95% CI for HR)

P

0.11
0.95
0.044
0.24

1.03 (1.01-1.06)
0.39 (0.19-0.82)

0.008
0.013

1.54 (1.11-2.13)

0.010

1.50 (1.07-2.11)

0.0197

0.38 (0.21-0.69)
4.20 (0.57-30.9)
0*
1.18 (0.36-3.84)
0.90 (0.47-1.73)
0.97 (0.18-1.27)

0.002
0.16
0.99
0.79
0.75
0.93

0.34 (0.17-0.71)

0.004

* None of the patients using tacrolimus experienced graft loss during study
Dialysis duration, cold ischemia time, PRA, systolic blood pressure, diastolic blood pressure, HLA
mismatch, proteinuria, serum creatinine level, use of ACEI/ARB, use of antihypertensives, time from
IgAN diagnosis to transplantation, and induction therapy were excluded from the final model.
(mTOR=mammalian target of rapamycin)

Immunosuppressive treatment
Cyclosporine A was given as initial immunosuppression to 236 patients and
tacrolimus to 56 patients. The rate of IgAN recurrence and graft loss was not
different between these groups (data not shown). A large number of the
patients receiving calcineurin inhibitors (CNI) for imunosuppression also
received antiproliferative therapy. Altogether 138 patients were treated with
MMF and 62 patients were treated with AZA as initial immunosuppressive
treatment. There was no difference in IgAN recurrence or graft loss between
these groups. Comparing patients treated with either MMF or AZA with
those without any antiproliferative agents there was no difference in IgAN
recurrence and graft loss (data not shown). Also triple immunosuppression
with CNI, MMF and prednisolone did not show any benefit compared with
other immunosuppression regimens.
Multiple Cox regression analyses
Multiple Cox-regression analyses on time to IgAN recurrence showed that
longer time from diagnosis to first transplantation, female gender and use of
statins were associated with lower risk of recurrence. Use of ACEI/ARB was
associated with increased risk of recurrence (table 5). Similar analysis of
time to graft loss (any cause) showed that use of statin, relation to donor, low
donor age and low number of acute rejections were independent factors
associated with increased graft survival (table 6).
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General Discussion

Food Hypersensitivity in IgAN
Our studies have shown that more than 50% of patients with IgAN
experience a subclinical hypersensitivity reaction to gluten, CM and soy
proteins measured by MPT upon rectal challenge with the proteins (table 7).
Table 7. Number and percentage of IgAN patients experiencing a rectal mucosal
immune reaction with different dietary antigens
Responders after challenge with
Soy
Milk
Gluten
Soy a/o milk a/o gluten

13/28 (46%)
7/28 (25%)
9/28* (32%)
16/28 (57%)

Soy + gluten
Soy + milk
Soy + milk + gluten

7/28 (25%)
6/28 (21%)
3/28 (11%)

*Includes one patient with celiac disease

Food hypersensitivity reactions are common. Approximately 20% of the
adult population in industrialized countries complain about food intolerance
(126), although the actual prevalence of true food allergies is not more than
1-2% (127). There are two classes of food hypersensitivity: food allergy,
which is immune mediated and food intolerance, which has a different
pathomechanism (128). Food allergy can be both IgE and non-IgE mediated,
or a combination thereof. Celiac disease (gluten enteropathy) and soy and
milk induced enteropathies represent the best known non-IgE mediated food
allergies (129). Non-IgE mediated food allergies have traditionally been
diagnosed using food elimination and food challenge, but new techniques
have been developed to simplify the testing. With MPT (118) we are able to
evaluate inflammatory reaction in the rectal mucosa before and after food
antigen challenge (119), and this relatively new technique was employed to
test for gluten, soy and CM sensitivity among patients with IgAN.
The food reactivity seen in a subset of our patients was subclinical. Food
intolerance was not objectively recognized prior to MPT testing in any of the
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patients included in our studies. Two patients indicated that they had some
form of food intolerance without knowing the specific antigen. However,
these patients did not have a response to the food antigen challenges in the
MPT procedure. The reactivity demonstrated in the subgroup of IgAN
patients was not IgE mediated – no IgE antibodies against the food antigens
administered were detected.
Although celiac disease is more frequent in IgAN patients compared with
the healthy population (45), the gluten sensitivity demonstrated in our study
did not seem to be related to latent or sub-clinical celiac disease. None of the
patients had high serum levels of tissue transglutaminase or antiendomysium
antibodies, typical of celiac disease. This is in line with previous studies,
which also did not find any antiendomysium antibodies in a general IgAN
population (130-132). Further, the prevalence of HLA DQ2 or DQ8
haplotypes, which are the haplotypes of almost all patients with celiac
disease (133), was in our patients similar to the general population, as also
demonstrated in previous IgAN patients (45).
Celiac disease is associated with several autoimmune diseases (134), and
the relationship has been explained by the sharing of common genetic factors
(135). Still, it is not clear whether the gluten sensitivity seen in several
autoimmune diseases is a latent celiac disease. The characteristics of the
sensitivity vary from patterns similar to celiac disease to unique sensitivity
reactions. In a subset of children with insulin dependent diabetes mellitus
without enteropathy a mucosal response to gluten was demonstrated upon
rectal instillation of gliadin. The sensitive children all had the HLA-DQ2
allele associated with celiac disease (136). Also in patients with primary
biliary cirrhosis gluten intolerance has been detected. These patients had
characteristic celiac HLA genotypes, but minimal or no symptoms
characteristic of celiac disease (137). In a recent study, gluten-sensitive
patients with Sjögren’s syndrome, as demonstrated using the MPT
technique, were all HLA DQ2 or DQ8 positive (120). In gluten ataxia, an
immune-mediated cerebellar ataxia triggered by the ingestion of gluten in
genetically susceptible individuals, approximately 70% of the patients are
HLA-DQ2 positive, whereas the remainder have HLA-DQ8 or HLA-DQ1
(138). The proposed mechanism for this disease is that anti-gliadin
antibodies cross-react with epitopes on Purkinje cells, subsequent to a
potential blood-brain barrier disruption due to IgA autoantibodies targeted
against type 2 tissue transglutaminase (TG2), the autoantigen recognized by
endomysium antibodies. The disruption enables the anti-gliadin antibodies to
react with Purkinje cells (139).
The gluten sensitivity reaction seen in our IgAN patients seems to be
different from celiac disease and the mentioned autoimmune diseases –
although a similar reaction to gluten ataxia cannot be excluded, as we did not
examine renal biopsies for tissue transglutaminase antibodies or serum for
other HLA genes than HLA DQ2/DQ8. However, looking further into the
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potential similarities we noticed that the antibody responses were not similar
in gluten ataxia and IgAN. In gluten ataxia all patients had IgG AGA (138).
In IgAN increased serum IgA AGA levels were seen in nine IgAN patients,
and one patient had increased IgG AGA level, but the increase did not
correlate with the gluten sensitivity. No other specific antibodies were
detected, and an adaptive component of the immune response is uncertain.
An innate immune reaction is at least present in the subgroup of patients
responding to gluten challenge. An increased production of MPO, as a
marker of neutrophil activation and increased levels of NO, which is
proposed to be part of the inflammatory process of gastrointestinal disorders,
were measured in sensitive patients upon food antigen challenge. NO is
considered to have both protective (66) and harmful roles in the gut (67;68).
The NO produced by the constitutively expressed NO synthases is
considered to stimulate mucus secretion, increase resistance of epithelial
cells to injury, inhibit adherence of leukocytes to the mucosa and downregulate the release of inflammatory mediators (140). Also NO produced by
iNOS, activated by general inflammatory mechanisms, can have protective
effects by cytostatic and cytotoxic effects on tumor cells and
microorganisms and by direct antimicrobial effects (141). When NO is
produced in large amounts, the effects can be deleterious. It is a paradox that
the same molecule can have both protective and harmful effects, and parts of
the answer probably lies in the fact that NO reacts with superoxide (O2•-) to
form the much more powerful peroxynitrite (ONOO-). Superoxide is
produced by neutrophils and macrophages in inflamed conditions. When
both superoxide and NO are synthesized within a few cell diameters of each
other, they will combine spontaneously to form peroxynitrite, by a diffusionlimited reaction (142). Both peroxynitrite and NO itself can increase the
enterocyte permeability by depleting the adenosine triphosphate (ATP)
levels (via a poly (ADP-ribose) polymerase (PARP) dependent mechanism),
deranging the cytoskeleton and dilating tight junctions (143-145).
Increased intestinal permeability has been demonstrated in IgAN patients
(146). The exact mechanism for this permeability is not known, but gluten
has been hypothesized to act as a toxic lectin which modifies intestinal
permeability (147). Our results indicate that the permeability seen in IgAN
can be NO dependent, possibly via a peroxynitrite-mediated reaction formed
from superoxide released from neutrophils, as indicated by the MPO release.
Intestinal barrier dysfunction is seen in inflammatory bowel diseases like
celiac disease, Crohn’s disease and ulcerative colitis (148), and there might
be a pathophysiological link between these diseases and IgAN (45),
proposed to be associated with loss of mucosal antigen exclusion and
systemic absorption of antigens. Healthy people have an active non-response
to antigens delivered via the oral route called oral tolerance. In patients with
a reduced intestinal barrier, luminal antigens translocate and can cause an
inappropriate inflammatory response, which can cause disease also distant to
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the intestine (149). Oral tolerance seems to be defective in IgAN (150), and
the impaired elimination of mucosal antigens could lead to a prolonged
exposure to B cells and an increase in immunological memory cells (35).
Also a significant increase in intraepithelial T lymphocyte numbers suggests
a pathophysiological role of oral tolerance breakdown in IgAN (151).
Regulatory T cells from the mucosa could act through the mucosa-bone
marrow axis to increase the memory cells in the bone marrow (152).
Based on our findings and previous studies on food antigens in IgAN in
addition to the well known fact that IgAN often presents after upper
respiratory or gastrointestinal infections, environmental antigens (food,
virus, bacteria) are considered to be involved in the pathogenesis of the
disease. The IgG anti-IgA1 autoantibodies observed in IgAN could in fact be
antibodies specific for bacterial and viral surface proteins or food antigens.
Recognition of GD-IgA1 could be an unfortunate coincidence. Similar
concepts of molecular mimicry have been suggested in other autoimmune
diseases like diabetes mellitus (153;154) and autoimmune uveitis (154).
Increased IgG concentrations to selected CM proteins were seen in IgAN
patients sensitive to CM, whereas corresponding increases in IgG antibodies
were not seen in patients sensitive to soy or gluten. An adaptive response to
CM is possible, and a link through molecular mimicry to the IgG anti-IgA1
autoantibodies could be hypothesized. However, the main reactions seen in
our food provocation tests support an innate immune reaction, as described.
The exact response mechanisms cannot be elucidated from our data, though,
and both inter- and intra-individual reaction patterns are possible.
The correlation between an MPO and NO response was weak in our
studies (rho=0.46, p<0.05 after gluten exposure and rho=0.48, p=0.01 after
CM exposure), but in line with previous findings in celiac disease patients
after gluten exposure (rho=0.64, p<0.05) (119). No correlation was found
after soy exposure. This could indicate that the immunological reaction
pattern is highly individual, but could also simply be due to differing
individual test sensitivity as it is likely that e.g. some gaseous NO will
escape the system and that MPO released from the patches will depend on
mucosal sites of collection. The latter problem is minimized by using three
patches to collect mucosal fluid from three different sites.
Interestingly, the immune reactions to gluten, CM and soy proteins in
IgAN patients were not as prominent as the reactions observed after gluten
challenge in patients with celiac disease. The response magnitude of NO and
MPO responses were 10-fold lower in IgAN patients compared with that
seen among patients with celiac disease (119). The same lower response
magnitude was seen in patients with other autoimmune diseases like primary
Sjögren’s syndrome (120;121) and rheumatoid arthritis (122), and could
indicate that patients with autoimmune diseases, but without a primary
gastrointestinal disease have a mild to moderate immune reaction upon food
antigen challenge. One patient with both IgAN and celiac disease had NO
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and MPO responses similar to other celiac disease patients (NO of 6682 ppb
and MPO of 1155 g/L).
If dietary antigens are involved in the pathogenesis of IgAN, removal of
such antigens from the diet should have an effect on the course of the
disease. Coppo et al. (155) demonstrated that proteinuria was markedly
reduced in most, but not all, patients with IgAN receiving a gluten-free diet.
The renal function was not preserved, however, neither in this nor another
study with a gluten-free diet (45). It is likely that a more consistent effect on
proteinuria and possibly also the renal function would have been observed if
only patients with confirmed gluten sensitivity were included in the study. In
our studies we have tested three groups of food proteins known to have high
antigenicity – gluten, CM and soy. However, food antigens eliciting an
immune reaction in IgAN patients could be numerous, and food antigens not
yet tested could be antigenic in IgAN patients. It is also possible that not all
patients are susceptible to dietary antigens, and these will consequently not
respond to diets. Accordingly, a study by Ferri et al. (156) had a few nonresponders on a low-antigen diet – although the majority of the IgAN
patients had a significant reduction in proteinuria.
Our hypothesis is that by testing the immune response to different
antigens, by e.g. MPT, a tailored diet could be prepared for each patient
according to the immune response. We have recently initiated a diet
intervention study to investigate this hypothesis further.

Mucosal Immunity and Treatment
As there may be several dietary antigens involved in the pathogenesis of
IgAN, making food sensitivity screening difficult, another treatment
approach would be to dampen the intestinal immune reaction.
In our study with budesonide in IgAN patients, we demonstrated that
targeted release budesonide has a significant effect on urine albumin and
also on serum creatinine and GFR (estimated by creatinine based formulas).
Oral corticosteroids for patients with IgAN have been investigated by
several investigators, and a Cochrane review from 2003 concluded that the
use of glucocorticoids is associated with a lower risk of progression to endstage renal disease, lower risk of doubling of serum creatinine and a
significant reduction in urinary protein excretion (101). The treatment
regimens in previous studies have differed between alternating steroid
regimens, daily administration of prednisone and the Pozzi regimen with a
combined pulse (intravenous methylprednisolone) and oral steroid regimen
(93-100). Most of the studies demonstrate an effect on proteinuria, but the
effect on GFR differs. In the study with an alternating steroid regimen
gradually tapered over two years, no benefit was noted after two years (100).
Also in a study with low-dose steroids tapered over two years, no effect on
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renal survival was seen (93). Since an effect on proteinuria was seen, the
authors speculated that the lack of effect on renal function could be due to
the low steroid dose used (93). Five randomized controlled trials using
higher steroid dosages have demonstrated that a 6-month course of
corticosteroids could reduce proteinuria and decrease the risk of subsequent
renal failure. In four of these trials prednisone was administered on a daily
basis (94-96;99), whereas Pozzi et al. prescribed a combined pulse and oral
steroid regimen for six months (97;98). Ten year follow-up data from the
Pozzi study indicates that the protection of renal function is lasting (98).
Physicians are, however, skeptical of using high dose steroids to IgAN
patients due to the well-known side effects of oral steroids. Although the
corticosteroid-related side effects reported from the IgAN studies have been
minor, experience from use of corticosteroids in other indications indicates
that caution should be exercised. Targeted release budesonide should
minimize the systemic side effects compared to oral corticosteroids, as the
systemic bioavailability of budesonide is low due to extensive hepatic
metabolism (157).
In our study we did not detect any major corticosteroid related side
effects. However, the number of patients was too low for us to be able to
draw firm conclusions on the safety profile. Further, the study was of six
months duration only, so the long-term effects are not known, but can be
assumed to be similar to those seen with the administration of another
enteric budesonide preparation, Entocort®, commonly used in Crohn’s
disease. Short term studies (up to 12 weeks) with 9 mg oral budesonide in
Crohn’s disease have demonstrated that the corticosteroid-related adverse
effects are less in budesonide treated patients compared with patients treated
with conventional corticosteroids and not different from the proportion of
patients reporting corticosteroid-related adverse effects with placebo. The
adrenal function was better preserved in patients receiving budesonide
compared with conventional corticosteroids. However, an impaired response
to adrenocorticotropic hormone (ACTH) stimulation was more common in
patients receiving budesonide compared to placebo after 12 weeks treatment
(158). Looking at 12 months data from studies in Crohn’s disease, abnormal
ACTH stimulation tests were seen more frequently in patients receiving 6
mg and 3 mg budesonide daily compared with placebo, and the risk of
suppression seemed to be dose dependent with patients receiving 6 mg daily
tending to have greater risk of abnormal ACTH stimulation tests (159). This
could indicate that budesonide, when used for long periods, has systemic
effects, which are important to keep in mind also when treating IgAN
patients. In our study no ACTH tests were performed, and an effect on the
hypothalamus – pituitary – adrenal axis (HPA) axis cannot be excluded.
The effect of targeted release budesonide on proteinuria and serum
creatinine in IgAN patients is interesting and supports the hypothesis of the
mucosal immune system being involved in the pathogenesis of IgAN in at
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least a proportion of the patients. Targeted to the ileocaecal region, the most
immunoactive part of the gut, budesonide might suppress the mucosal
immune response to gastrointestinal antigens and thus suppress formation of
pathogenic immune complexes.
Proteinuria and mean arterial blood pressure during follow-up are the two
major risk factors for progression of IgAN (86). No changes in blood
pressures were observed during our study. The effect of budesonide on
albuminuria was modest but significant. The largest effect was seen two
months after treatment discontinuation. An increased response after time was
observed also in Pozzi’s study (six-month course of systemic corticosteroids)
where the effect was larger after one year compared to treatment end at six
months (98). The reason for the delayed effect is not clear, but may be
related to adaption mechanisms, since there was an apparent lag time
between initiation of treatment and onset of effect. However, contrary to
what is seen with systemic corticosteroids, three months after end of
treatment the albumin values were increasing in several of the patients. This
could indicate that the mechanism of action of local corticosteroids, like
budesonide, is different from that of systemic corticosteroids in IgAN. As no
sustained effect is seen with budesonide, it is possible that a constant
suppression of the immune reactions in the intestinal mucosa is required for
effect. This is in line with the hypothesis that in patients with IgAN the IgA
mucosal immune system is dealing with continuous antigenic challenge
which triggers the production of nephritogenic IgA (35;150). Upon
discontinuation of local steroid treatment the production of nephritogenic
IgA is no longer suppressed, and the negative effects cannot be prevented.
No systemic processes seem to have been permanently modified by the
budesonide treatment.
Interestingly, a delayed effect, as observed for albuminuria, was not seen
with respect to serum creatinine levels or eGFR. Serum creatinine levels and
eGFR levels also returned more rapidly to pre-treatment levels upon
discontinuation of budesonide. The reason for this is not known, however.
The levels of GD-IgA1 are high in patients with sporadic IgAN, but also
in a large proportion of asymptomatic blood relatives, indicating that
abnormal IgA1 glycosylation is an inherited trait (30). GD-IgA1 by itself is
not sufficient to produce overt IgAN; other cofactors are required as well. In
our study a comparison between HAA-IgA levels before and after treatment
with budesonide demonstrated very little difference for each individual
(correlation coefficient 0.94) – further supporting that the GD-IgA1-level is
constant as part of the heritage and that treatment rather modulates other
steps of the pathogenesis of IgAN.
In our study fourteen of 16 patients had a reduction in urine albumin
during the treatment periods, whereas 12 patients were responders (defined
as: difference in regression line coefficients before and during treatment)
when comparing with the pre-treatment progress. Also in studies of systemic
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corticosteroids there are some patients not responding to steroid treatment.
Steroid resistance (defined as: proteinuria levels not improving to <1g/day, a
total increase in serum creatinine of >100% or a total decline in eGFR of
>50%) was seen in 12 of 50 patients receiving corticosteroid treatment in a
Japanese study (160). In these patients high fibroblast specific protein 1positive (FSP1(+)) cells in the kidney (related to interstitial fibrosis) at
diagnosis correlated with steroid resistance. In Pozzi’s study 30% of the
patients were defined as non-responders (proteinuria levels remained
>1g/day) (98). In this study, steroid administration improved the prognosis
in every histologic class and none of the five patients with a severe
histologic score reached a 100% increase in plasma creatinine. Pozzi et al.
thus argue that use of steroids cannot be based on biopsy evaluations only, at
least not in patients with preserved renal function. We did not evaluate the
histologic scores of our patients, and it is possible that the level of fibrosis
could be of relevance for predicting the response to budesonide. Based on
our studies it can also be hypothesized that the level of gut mucosa
involvement in the pathogenesis has a high inter-individual variability and
that this is the reason for the lack of response in some patients. Only a
subgroup of patients has sub-clinical food hypersensitivity, and it is of
interest to investigate whether these patients are more responsive to enteric
drug delivery of steroids compared to the non-responsive patients.
Most of the patients (14 of 16) received ACEI and/or ARBs in the current
study, and the regimens were not changed during the study. However, there
was no requirement to maximize the ACEI/ARB treatment prior to study
inclusion or during a run-in phase. In the ongoing STOP-IgAN trial
proteinuria was reduced to 0.75 g/day in most patients during a 6-month runin phase meant to uptitrate RAAS inhibitors to their maximum
antiproteinuric effect (88). It cannot be excluded that a similar reduction in
proteinuria could have been achieved with higher doses of ACEI/ARBs also
in our study.
A large prospective randomized, controlled, clinical trial with a run-in
phase to maximize RAAS inhibition is required to confirm the results of our
pilot study. Also, as the treatment with targeted release budesonide is
intended for chronic administration, studies with longer duration must be
conducted to investigate potential side effects with long-term use.

Treatment to Prevent Recurrence and Graft Loss
Steroid treatment may be efficient in IgAN patients with preserved renal
function. A recent study has indicated that use of steroids is associated also
with reduced risk of recurrence of IgAN after renal transplantation (161). In
our study we demonstrated an association between statin treatment and
reduced rate of IgAN recurrence and death censored graft loss in primary
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kidney-only transplant recipients with IgAN. The finding is somewhat
surprising, as large prospective, randomized, controlled trials of statins in
renal transplant recipients, in particular the ALERT trial, have shown no
effect on renal outcome (162-164). Also when considering a subgroup of
patients with glomerulonephritis from the ALERT trial no renal protection of
fluvastatin is shown (S. Abedini, personal communication, 17 October
2011). A small retrospective trial in glomerulonephritis has shown that
statins may prolong graft survival (165). None of the studies have a further
specification of diagnoses, however, and as IgAN differs from other
glomerulonephrites in many ways, the studies are of limited value for
generalizing to IgAN patients.
Two small studies in native kidneys with IgAN have demonstrated a
protective effect of fluvastatin on renal function. In one of these studies,
creatinine clearance was better maintained, but no other beneficial effects on
renal disease variables were found (166). In the second study proteinuria was
reduced after six months of treatment, whereas the renal function remained
stable (167).
An important feature of IgAN is the GD-IgA1. The total level of GDIgA1 does not by itself predict the progression of IgAN. Recent research has
shown that the nephrotoxicity of GD-IgA1 is enhanced in the presence of
oxidative stress (168). Concomitant activation of the oxidation pathway
observed as advanced oxidation protein products (AOPPs) are significantly
associated with proteinuria and are considered early predictors of poor renal
outcome in IgAN (169). It is thus hypothesized that the level of the oxidative
milieu conditions the different expression and progression of IgAN (170). A
recent experimental study has shown that IgAN patients have a higher
monocyte respiratory burst compared with healthy controls and that this is
reduced after treatment with atorvastatin (171). Thus, it is conceivable that
oxidative stress is necessary to promote also the progression to IgAN
recurrence. Statins have, in addition to the lipid lowering effects, an antiinflammatory role by inhibition of reactive oxygen species (ROS), both by
inhibition of ROS generation or release (171;172) and by inhibiting the
damaging effects of oxidative products (172). The association between use
of statins and lower recurrence rate and graft loss demonstrated in our study
could thus be related to the anti-oxidative effects of statins.
Statins exert pleiotropic effects, many of which are considered antiinflammatory. Besides the antioxidative properties, the several mechanisms
for diminishing innate and adaptive immune responses could be applicable
for the effect of statins in IgAN. The effects are primarily exerted by
inhibiting GTPase isoprenylation (173). But also inhibition of cell typespecific downstream pathways of GTPase has been described (173).
In experimental murine models of IgAN Th1-cells were proposed to be
involved in the pathophysiology of the disease after glomerular IgA
deposition (174). Interestingly, statin administration in vivo prevents the
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induction of experimental Th1-cell-mediated autoimmune diseases (175).
The effect of statins in IgAN patients could thus be related to the modulation
of the Th1-cell responses.
The use of ACEI/ARB was surprisingly associated with increased IgAN
recurrence rates, and no protective effect was seen with respect to graft
survival in the overall IgAN population. However, increased graft survival
was observed with ACEI/ARB treatment in patients with documented
recurrent IgAN. Previous studies have demonstrated a trend towards
increased graft survival with ACEI/ARB treatment (112;176). It is
conceivable that a negative association between ACEI/ARB and recurrence
among the overall IgAN population observed in our study is due to clinicians
correctly prescribing ACEI/ARB to those with high blood pressure and/or
proteinuria to protect the kidney.
We did not observe an increased risk of recurrence with living related
donor grafts compared with unrelated donor grafts, in contrast to a previous
meta-analysis (75). However, the relationship between living, related donor
kidneys and recurrence is controversial (177). Previous studies have shown
that graft survival is not compromised by a living related donor graft despite
the increased recurrence rate (75). In our study the graft survival was
actually increased with living related donor grafts, which is the case for the
general transplanted population (178).
Other results of our study are mainly in line with previous findings.
Shorter duration of disease prior to transplantations gave a higher risk of
IgAN recurrence (76;81). In a study by Ponticelli et al. plasma creatinine
levels after six months were associated with increased relative risk of graft
loss (78). We observed a similar trend in our data with the serum creatinine
level after one year being associated with increased risk of graft loss.
However, when adjusting for other covariates, in particular acute rejection
episodes, the creatinine level was not an independent determinant for graft
loss. The number of acute rejection episodes was strongly associated with
serum creatinine level after one year, and the high creatinine values at one
year were probably due to renal damage after early rejection episodes. High
number of acute rejection episodes was an independent factor associated
with graft loss.
Choice of immunosuppressive treatment did not seem to affect rate of
recurrence or graft loss, as observed also in previous trials (114;115).
As IgAN is probably an autoimmune disease rather than a primary renal
disease, the treatment approach should not necessarily be similar to that of
other glomerulonephrites. Prospective, randomized, controlled trials to
specifically investigate effects of pharmacological treatments in kidney
transplanted patients with IgAN as primary disease should be conducted – in
particular exploring the effects of statins and ACEI/ARBs.
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Conclusions

Our studies have demonstrated that approximately one third of our IgAN
patients have a rectal mucosal reactivity to gluten, without manifest
celiac disease, and approximately half of the patients have a rectal
mucosal sensitivity to soy or CM. We conclude that food sensitivity
might be involved in the pathogenesis of the disease in a subgroup of
patients with IgAN and that the sensitivity reactions may involve both
innate and adaptive immunity.
Local immunosuppressive treatment of the gut mucosa, like targeted
release of budesonide, represents a new approach to treatment of IgAN.
Enteric budesonide targeted to the ileocaecal region seems to give a
modest, but significant reduction of urine albumin, a minor reduction of
serum creatinine and a modest increase of eGFR (calculated by the
creatinine based MDRD formula) in patients with IgA nephropathy.
In our retrospective study statins were associated with reduced rate of
IgAN recurrence and death censored graft loss in primary kidney
transplant recipients with IgAN as cause of end-stage renal failure. The
time lag from diagnosis to first transplantation and female gender were
also associated with lower risk of recurrence. Improved graft survival
was associated with related donor, low donor age and no or low number
of acute rejection episodes.
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Future Perspectives

Gastrointestinal reactivity triggered by dietary antigens seems to be part of
the pathogenesis of IgAN in at least a subgroup of the population. The
mucosal patch technique could be a valuable tool to detect sub-clinical food
hypersensitivity/reactivity in IgAN patients. Individual dietary advice might
then be tailored according to the hypersensitivity/reactivity revealed. We are
about to start a diet intervention study (registered at www.clinicaltrials.gov:
NCT01203007), which will reveal the effect of such tailored diets in IgAN.
Until these results are available, diet modifications may be tried on an
experimental level as a supplement to supportive therapy in patients eager to
try alternative treatments for their disease.
Considering the gastrointestinal reactivity and increased intestinal
permeability in IgAN we are also planning a study investigating the effects
of probiotics on IgAN. Probiotics are defined as “live microbial food
ingredients that are beneficial to health” (179), and probiotic therapy is
known to impact the gastrointestinal immune system possibly by
improvement of both the immunologic and the non-immunologic intestinal
barrier (180). Probiotic treatment should thus theoretically have an effect on
IgAN. We are currently considering which probiotic bacteria to use, as
different strains have different immunomodulatory properties (180).
Another general treatment approach, if it turns difficult to find the source
of the mucosal reaction in all IgAN patients, seems possible with enteric
immunosuppression. A prospective randomized, controlled, multicentre,
clinical trial is planned to confirm the results of the budesonide pilot study.
Due to the low systemic availability enteric budesonide is anticipated to have
less side effects than systemic corticosteroids, but the adverse event profile
remains to be clarified in the upcoming trial including a larger number of
patients.
The safety profile will be an important aspect in the development of new
treatment options for IgAN. As for all pharmacological treatments, the
benefits must clearly outweigh the risks. And for IgAN this will be
particularly important, as the majority of IgAN cases run a benign course.
Statins could represent a relatively safe, inexpensive and useful
supplementary treatment with pleiotropic effects primarily in the prevention
of recurrent IgAN in renal transplanted patients, but not excluding the
possibility of treatment of IgAN in native kidneys. A potential effect still
needs to be confirmed in prospective, randomized, controlled, clinical trials.
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