International Journal of Nephrology and Renovascular Disease

3

Dove

REVIEW

Primary IgA nephropathy: current challenges
and future prospects

Rose S Penfold

Maria Prendecki
Stephen McAdoo
Frederick WK Tam

Renal and Vascular Inflammation

Section, Department of Medicine,
Imperial College London, London, UK

Correspondence: Maria Prendecki
Department of Medicine, Imperial
College London, Hammersmith Campus,
Du Cane Road, London W12 ONN, UK
Tel +44 20 8383 3152

Fax +44 20 8383 2062

Email m.prendecki@imperial.ac.uk

This article was published in the following Dove Press journal:
International Journal of Nephrology and Renovascular Disease

Abstract: IgA nephropathy (IgAN) is the most common form of primary glomerulonephritis
worldwide, exhibiting a variable clinical and pathological course and significantly contributing
to the global burden of chronic kidney disease and end-stage renal disease. Current standards
of care focus on optimization of antihypertensive and antiproteinuric therapies (typically renin-
angiotensin system blockade) to reduce disease progression. Much recent attention has focused
on whether additional immunosuppression confers better outcomes than supportive management
alone, and indeed, several trials have demonstrated renoprotective effects following the use of
oral corticosteroids. However, results have been inconsistent, and perceived benefits must be
balanced against risks and adverse effects associated with generalized immunosuppression, as
highlighted by the high-profile STOP-IgAN and TESTING clinical trials. Recent translational
research in vitro and animal models of IgAN have generated greater insight into potential
therapeutic targets for this complex autoimmune disease. Deeper understanding of the roles
of the mucosal immune barrier, complement activation and deposition, T-cell dependent and
independent mechanisms of B cell activation, and of the deposition and downstream inflamma-
tory signaling pathways of nephritogenic polymeric IgA1 complexes (e.g., signaling of immune
receptors via spleen tyrosine kinase) has formed the rationale for the development of novel
agents and clinical trials of more targeted therapies. However, translating findings into clinical
practice is challenging, with many immunopathological features of IgAN specific to humans.
Recent comprehensive reviews outline current understanding of mechanisms of IgAN as well
as ongoing and future clinical trials; it is not our aim to replicate this here. Instead, we take a
mechanistic approach to current treatment strategies, outlining advantages and limitations of
each before exploring ongoing research with potential translation into future targeted therapies
for this complex disease.

Keywords: IgA nephropathy, glomerulonephritis, immunosuppression, chronic kidney disease,
Syk, complement

Epidemiology and clinical features

IgA nephropathy (IgAN) is the most common form of glomerulonephritis (GN)
worldwide, with an estimated incidence of at least 2.5/100,000/year in adults.! There
seems to be geographical variation in disease prevalence, with data from biopsy and
organ replacement registries suggesting a higher burden of disease in East and Pacific
Asian countries. However, estimates of global disease burden should be interpreted
with caution, due to heterogeneity of data sources (biopsy, dialysis, and renal registry)
and variability in local urine screening and biopsy practices. Patients with IgAN from
these geographical regions may also have higher rates of progression toward end-stage
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renal disease (ESRD), as recently demonstrated in a North
American cohort of 669 patients.?

The disease is variable in both its clinical and histopatho-
logical presentations. While presentation may occur at any
age, peak incidence is in the second and third decades of
life.>* Most patients present with either single or episodic
macroscopic hematuria (characteristically following an upper
respiratory tract infection — “synpharyngitic” — or athletic
exertion) or following detection of microscopic hematuria
and/or proteinuria on routine urine testing. A much smaller
proportion present with acute kidney injury, usually as a
result of crescentic [gAN or gross hematuria causing tubular
obstruction. While the latter is often reversible, renal recovery
may be incomplete. Nephrotic syndrome usually occurs only
in more advanced stages of the disease.*

Definitive diagnosis is established by kidney biopsy, with
immunofluorescence or immunoperoxidase studies for IgA
deposits (Figure 1). Pathognomonic of the condition are
prominent, globular deposits of IgA (often accompanied by
C3 and IgG) in the mesangium and less prominently along
the glomerular capillary wall.'> Important histopathological
features that have been shown to predict long-term outcome
according to the Oxford classification of IgAN include
mesangial proliferation, endocapillary proliferation, seg-
mental scarring, and tubular atrophy.®’

Insights into pathological

mechanisms

Here, we discuss IgAN as a single disease entity, defined
by the presence of dominant or co-dominant mesangial
IgA deposits on renal biopsy. However, this traditional
understanding is increasingly being called into question,
with observed heterogeneity in epidemiology, clinical pre-
sentation, histopathological response to IgA deposition, and
genetic associations of the disease. It may be that mesangial
IgAN merely represents a common end point for a disparate
range of endophenotypes and diseases.® This complicates
discussions regarding pathogenesis and potential therapy,
particularly when considering the external validity of studies
undertaken in different regions of the world. As we further
our understanding of this complex disease entity, it is likely
that we will need to move beyond a simple pathological
definition, perhaps subclassifying the disease to facilitate
comparison between studies.

Most recent models of immunopathogenesis in IgAN pro-
pose a “multihit” process, with contribution of both genetic
and environmental factors. A dysregulated mucosal immune
system with defective immune tolerance to commensal or

Figure | Histopathology of IgA nephropathy.

Notes: (A) Light microscopy demonstrating a segmental area of endocapillary
proliferation within the glomerular tuft (hematoxylin and eosin, original magnification:
%200). (B) Immunofluorescence staining for IgA, showing predominantly mesangial
IgA deposits. (C) Electron microscopy, demonstrating electron dense immune
deposits in the glomerular mesangium.

commonly encountered pathogens may be a key factor in trig-
gering the disease. Characterization of both circulating and
glomerular immune complexes in IgAN patients has revealed
complexes comprising galactose-deficient IgA1 (Gd-IgAl)
and C3. The pathophysiology underlying the formation and
deposition of these is reviewed extensively elsewhere.’
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The notion that IgAN is a systemic condition is supported
by high rates of disease recurrence following renal transplant.
Histologic evidence of recurrent IgAN is observed in over
35% of patients who receive renal allografts as treatment for
ESRD due to IgAN despite these patients being on antirejection
immunotherapy.'° The impact of recurrent [gAN on long-term
renal graft failure has been controversial. This may be in part
related to the limited number of cases in each series, variable
follow-up duration, and different renal allograft biopsy poli-
cies. In the most recent study of data from the Australia and
New Zealand Dialysis and Transplant Registry, the largest
transplant registry worldwide over 30 years, recurrence of
IgAN accounts for more than 50% of allograft loss among
these recipients.!! GN recurrence rates appear to be sig-
nificantly higher in living-related donor grafts compared with
either living-unrelated or deceased donor grafts, shedding light
on possible pathological mechanisms.'? Further understanding
of the genetic basis of the disease may become important here;
for instance, the human leukocyte antigen (HLA)-BS, DR3
haplotype has been associated with high immune reactivity,
with the presence of the haplotype differentially affecting graft
survival in IgAN patients versus controls."?

There is also evidence of subclinical deposition of
IgA.'"* The reported incidence of mesangial IgA deposition
on renal biopsy in apparently healthy individuals with no
clinical features of GN at the time of biopsy ranges from
3% to 16%.'* Whether the glycosylation pattern of this
lanthanic glomerular IgA differs from that found in primary
IgAN patients is yet to be determined. It is also not known
whether some of these asymptomatic subjects may develop
renal disease later. In a study of healthy Japanese allograft
donors, IgA deposition on renal biopsy was associated with
a mild degree of microhematuria, mesangial proliferation,
and glomerular macrophage infiltration in some individuals,
especially in those with combined IgA and C3 deposition.
IgA deposition has also been observed in biopsies for other
forms of GN including lupus nephritis, antineutrophil cyto-
plasmic antibodies (ANCA)-associated vasculitis (AAV),
and membranous GN.!>!® While this may indicate overlap-
ping of immunological disease mechanisms, the possibility
that this observation is merely a result of the background
prevalence of IgA deposits in the general population cannot
be excluded. Since deposition of IgA alone does not appear
to be sufficient for disease development and progression,
the challenge comes in identifying additional risk factors.
Accumulating evidence supports the notion that susceptibil-
ity may be in part hereditary, with genome-wide association
studies identifying susceptibility loci mainly arising from

the HLA chromosome region.'”!* These are present in
both European and South-East Asian populations, although
may differ between the two, and the putative role these loci
play requires further elucidation.?” Advances in genetic
techniques, such as next-generation sequencing, together
with greater knowledge of the importance of copy number
variants and epigenetics, create potential to enhance current
understanding of the genetic basis of the disease. However,
as discussed earlier, this is limited by lack of consistency in
epidemiological clinicopathological studies both within and
between continents and may be achieved only with more
precise phenotyping of IgAN populations.

What triggers the production of aberrant Gd-IgAl in
susceptible individuals? It has been suggested that exposure
to environmental triggers, such as pathogenic or commen-
sal bacteria, may lead to excess production of aberrantly
glycosylated IgA in mucosal-associated lymphoid tissue.
IgA reacting with pathogens, including Haemophilus
parainfluenzae, parvovirus, cytomegalovirus, Epstein—Barr
virus, and Helicobacter pylori has been detected in both
serum and glomerular samples from patients with IgAN.
Furthermore, reported IgA deposition in patients with
methicillin-resistant Staphylococcus aureus infection indi-
cates a possible a role for microbial superantigens.?!

There has been attempt to support these findings using
evidence from experimental rodent models of IgAN. Persis-
tent IgA deposits and microhematuria have been induced in
mice by intranasal administration and systemic challenge
of respiratory Sendai virus after experimental induction of
defective mucosal tolerance.?? Recent attempts to character-
ize mediators of this response have focused on facilitators of
B-cell differentiation and proliferation, such as B-cell activa-
tion factor of the TNF family (BAFF) and A proliferation-
inducing ligand (APRIL); these may represent potential
targets for therapy as discussed in detail below.?*** Once
formed, IgA—C3 immune complexes appear to contribute
directly to glomerular inflammation and mesangial prolifera-
tion, triggering local and systemic renin-angiotensin systems
(RAS) and activating complement pathways. [gA 1 has been
shown to activate both classical and lectin pathways of com-
plement in vitro, with complement pathway components such
as properdin, factor H, and mannan-binding lectin detected in
mesangial immunodeposits.” Complement factor H (CFH)
is a major regulator of the alternative complement pathway.
Circulating CFH-related proteins 1 and 5 (antagonists of
factor H) correlate with disease activity in IgAN.? Again,
activators and modifiers of these complement pathways may
be promising therapeutic targets.
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Models of IgAN and challenges of

translational research
Developing in vitro and in vivo animal models of IgAN is
challenging. Believed to be a systemic disease, with heteroge-
neous clinical and histopathological manifestations, it is per-
haps more realistic to model specific aspects of [gAN rather
than the whole pathological process. Moreover, molecular
features of human IgA1, the autoantigen thought to play a
key role in the development of human IgAN, are very dif-
ferent from those of any rodent IgA.?” Lack of representative
animal models may hinder testing of targeted therapies and
progression to clinical trial, with quick dismissal of therapies
following early negative results, when in fact the model may
actually be unrepresentative of the human disease process.
A spontaneous animal model of IgAN —the ddY mouse —
was first reported in 1985.2% It demonstrates glomerular IgA
deposits but only mild proteinuria, with no hematuria and
variable glomerular injury. More recently, an early-onset
group of ddY mice was selectively intercrossed to estab-
lish a novel 100% early-onset grouped ddY mice, which
overcomes the high degree of variability in age of onset and
disease severity of the ddY model.”” These mice develop
proteinuria at <8 weeks of age. Other animal models of
IgAN include transgenic mice expressing human CD89 (an
IgA receptor expressed by blood myeloid cells), a BAFF-
transgenic mouse, a murine model of mucosal exposure to
exogenous antigen, and a passive model, in which mice are
injected with immune complexes preformed from human
IgA1 with galactose-deficient O-glycans, mimicking com-
plexes seen in [gAN patients.?>?*° Findings generated from
studies in these rodent models are explored more extensively
elsewhere. While these models generate important insights
into specific aspects of disease pathogenesis, the challenge
comes in directly translating these findings to human IgAN
and thereby developing targeted therapies for use in clini-
cal practice.

Therapeutic approaches

If we consider IgAN to be an autoimmune disease with
both systemic and local immunopathological mechanisms,
it seems logical that both generalized and targeted immuno-
suppression may be effective. Of course, any therapy needs
to be assessed against optimized supportive care, taking into
account associated risks and side effects. Here, we outline
current treatments, discuss evidence surrounding supportive
and immunosuppressive approaches, and outline some of the
current progress toward targeted therapies.

Current standards of care

Optimal management of IgAN remains a contentious
topic. Latest Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines® recommend a long-term RAS blockade
(with angiotensin-converting enzyme inhibitors [ACE-I] or
angiotensin receptor blocker [ARB]) for proteinuria >1 g/
day, with uptitration of the dose as far as tolerated, depend-
ing on blood pressure, to achieve proteinuria of <1 g/day. An
RAS blocker is also suggested for proteinuria of 0.5—1 g/day.
Recommended blood pressure targets are <130/80 mmHg or
<125/75 mmHg when initial proteinuria is >1 g/day.

A 6-month course of corticosteroid therapy is suggested
for patients with persistent proteinuria despite 3—6 months
of optimized supportive care (including ACE-I/ARB and
blood pressure control) and glomerular filtration rate (GFR)
>50 mL/min/1.73 m?. Further immunosuppression with
cyclophosphamide may be needed for those with crescentic
IgAN with rapidly deteriorating renal function — analogous
to the treatment of ANCA vasculitis.>!*

Supportive therapy

Supportive care, particularly antihypertensive and antipro-
teinuric therapy, remains a cornerstone of management for
IgAN. As for other causes of chronic kidney disease (CKD),
elevated blood pressure, proteinuria, and lower GFR have
been associated with higher risk of underlying disease
progression and adverse long-term outcomes.** These
features have been used to derive a prognostic scoring system
that may be used to estimate progression toward ESRD in
IgAN, although the authors note that other prognostic scor-
ing systems exist.*

Meta-analysis of clinical trials has demonstrated that
RAS blockers (ACE-Is or ARBs) have statistically significant
effect on renal protection and reduction of proteinuria in
IgAN.?738 This association appears to be stronger amongst
those demonstrating reduced estimated glomerular filtration
rate (eGFR), proteinuria, acute inflammatory pathological
findings, and those receiving methylprednisolone pulse
therapy.** ACE-I demonstrates variable therapeutic efficacy in
slowing disease progression, which may in part be genetically
determined.*” Mechanisms of secondary protection are likely
similar to those in other causes of proteinuric CKD, medi-
ated at least in part through lowering of both systemic blood
pressure and intraglomerular pressure through inhibition of
angiotensin II-mediated efferent arteriolar vasoconstriction.
RAS blockade reduces proteinuria when compared with
both placebo and calcium channel blockers in normo- and
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hypertensive patients, suggesting a proteinuria-reducing
effect independent of antihypertensive effect.*! While earlier
studies suggested that dual blockade with ACE-I and ARB
may confer additional benefits over single agent alone in the
reduction of proteinuria, more recent analyses have failed to
consistently demonstrate this, with concerns over incidence
of adverse effects and long-term outcomes limiting clini-
cal applicability.** Regulatory agencies warn against the
dual-blockade approach, mainly due to concerns regarding
hyperkalemia.*® Tight lipid control is also important. Statins,
in addition to their well-documented cardioprotective effects
in renal disease, may also delay progression of CKD.*"#

The therapeutic benefits of high-quality supportive care
were very apparent in the recent STOP-IgAN trial, which
assessed outcomes of supportive care versus supportive care
plus immunosuppression in IgAN.>® The study employed
a rigorous 6-month run-in phase, during which patients
received intensive supportive care including RAS blocker
(target blood pressure for all patients <125/75 mmHg),
dietary counseling, statins if required (target total choles-
terol <5.2 mmol/L), and advice to stop smoking and avoid
nephrotoxic drugs. Target proteinuria was <0.75 g/day (in
contrast to KDIGO guidelines of <1 g/day). The run-in phase
involved visits at weeks 0, 4, 8, 16, 20, 23, and 24; after this,
only patients still deemed to be at high risk (proteinuria >0.75
g/day) were randomly assigned to treatment groups. Of the
309 patients completing the run-in phase, 106 (34%) demon-
strated a sufficient response to supportive care alone to render
them ineligible for randomization. It is worth noting here
that run-in blood pressure and proteinuria targets were more
stringent than those of current KDIGO guidelines and patient
monitoring more frequent than may be realistic in many
outpatient settings. A “multimodal” approach with close
monitoring and careful uptitration of supportive therapies has
been shown to achieve remission or regression of proteinuria
and stabilization of kidney function in other clinical settings
and emphasizes the importance of high-quality supportive
care.>! Ongoing work is needed to identify clinical biomark-
ers of patients demonstrating the best response to intensive
supportive care and to offer maximally tolerated therapy to
prevent or reduce progression toward ESRD.

Note should also be made here of reported beneficial
effects of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA; omega-3 polyunsaturated fatty acids) as anti-
inflammatory and inflammation-convergent drugs in the
treatment of IgAN.>? Successful treatment of several cases
of I[gAN was reported recently with a combination of aspirin
and EPA.>3 While the precise mechanism for this combina-

tion is unknown, it is plausible that aspirin potentiates the
effect of anti-inflammatory lipid mediators. Furthermore,
addition of DHA to EPA was found to stabilize renal function
of IgAN patients, with improvements in clinical parameters
and possible further pleiotropic effects.>* Well-designed
molecular experiments and clinical trials are necessary to
better understand the mechanisms by which these agents
may affect I[gAN.

General immunosuppression

Much recent attention has focused on whether additional
immunosuppression confers better outcomes than support-
ive management alone; the presence of inflammation and
immune complexes on renal histologic examination would
certainly suggest it may be beneficial. A generalized approach
has the advantage that a fully comprehensive understanding
of disease pathophysiology is not required, and immunosup-
pression can simultaneously or even synergistically exert
effects via different mechanisms.

Many studies including several high-profile randomized
controlled trials (RCTs) have demonstrated renoprotec-
tive effects and reduction of proteinuria following a short
course of oral corticosteroids.>>>” However, some of these
have been criticized due to small size and suboptimal meth-
odological quality, with short run-in periods, inconsistent
blockade of the RAS system, reporting only favorable or
surrogate outcomes, and underreporting adverse effects.
The recent STOP-IgAN trial employed a rigorous run-in
phase for standardization and optimization of supportive
care. Researchers found that addition of immunosuppressive
therapy (oral corticosteroids, plus cyclophosphamide and
azathioprine for those with eGFR 30-59 mL/min/1.73 m?)
to intensive supportive care in high-risk [gAN did not confer
substantial renal benefits. Moreover, during the 3-year study
phase, more adverse effects were observed amongst patients
who received immunosuppressive therapy, including one
steroid-related death due to sepsis. However, a major criti-
cism levied against this trial is that patients with a urinary
protein excretion rate >3.5 g/day, eGFR <30 mL/min/1.73
m?, or decrease in eGFR of more than 30% were excluded
at the end of the 6-month run-in phase. Such patients have a
relatively high risk of underlying disease progression and in
previous studies have demonstrated a particularly favorable
response to steroids.’>%%

Recently, results of the TESTING study, an international,
multicenter, double-blind RCT that sought to explore efficacy
and safety of corticosteroids in IgAN patients at higher risk of
progression, were published.® The study aimed to recruit 750
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participants with proteinuria >1 g/day and eGFR of 20-120
mL/min/1.73 m? after 3 months of blood pressure control
with RAS blockade. Primary composite outcome was ESRD,
death (due to renal failure), or 40% reduction in eGFR, and
safety outcomes were predefined relating to steroid adverse
effects. The most significant finding was that the trial was
terminated after randomization of only 262 participants and
2.1 years median follow-up, due to excess serious adverse
events in the methylprednisolone group (28 serious adverse
events in 20 participants [14.7%] vs 4 in the placebo group
[3.2%]; p=0.001), mostly related to serious infections and
including two infection-related deaths. Although early results
may be indicative of potential renal benefits with steroid
therapy, definitive conclusions regarding treatment efficacy
could not be drawn due to early trial termination. Further-
more, steroids were administered to patients in both active
and chronic phases of disease, and kidney biopsies were not
analyzed. The TESTING trial supports safety concerns raised
by STOP-IgAN; both highlight the importance of a cautious
approach to steroid use (calling perhaps for revision of cur-
rent KDIGO guidelines), intensive monitoring of steroid
therapy, and the need to pursue safer and more effective
alternatives. All of these studies have highlighted the need
to identify both clinically and pathologically those patients
who will respond favorably to steroid therapy. Meta-analysis
has shown that I[gAN patients with more serious pathologi-
cal features according to the Oxford classification system
(outlined earlier) may be more resistant to steroid than those
with slight pathological changes.®!

The role of other immune-modulating therapies should
also be considered. Prognosis in crescentic and other rapidly
progressive forms of [gAN is usually poor, despite aggressive
therapy. However, steroids and intravenous cyclophospha-
mide have been demonstrated to induce both clinical and
histological responses in these patients, with reduction in
proliferative lesions, proteinuria, and stabilization of renal
function.® Some patients with crescentic IgA in the Oxford
cohort had improvements in outcomes following enhanced
immunosuppression.®® These findings are reflected in latest
KDIGO recommendations, with enhanced immunosuppres-
sion generally warranted in a disease of such aggressive
nature and time course. Furthermore, plasma exchange may
also play a therapeutic role, and it has been shown to reduce
proteinuria and serum creatinine levels, as well as dialysis
dependency and kidney survival, when added to steroid and
cyclophosphamide immunosuppression.® Use as a sole treat-
ment for rapidly progressive forms of the disease is supported
by evidence from case series; children with severe [gAN or

Henoch—Schonlein purpura have demonstrated recovery with
plasmapheresis alone, negating need for immunosuppressive
therapy.*> However, the use of plasma exchange remains less
well defined in the adult population and certainly warrants
further assessment in large RCTs.

On the other hand, benefits of intensive immunosuppres-
sion in halting progressive IgAN must be more carefully
weighed against well-documented adverse cytotoxic effects.
Mycophenolic acid inhibits inosine 5’-monophosphate
dehydrogenase, a key enzyme in glycosylation of B and T
lymphocyte adhesion molecules; it has therefore been specu-
lated that this agent may reduce the inflammatory response
in immune-mediated GN. Although some studies have gener-
ated promising results regarding remission of proteinuria and
renoprotection with mycophenolate mofetil (MMF) therapy,
these have been inconsistent. Certainly, further evaluation of
adverse effects and long-term outcomes are needed before use
could be incorporated into routine practice.®’"! Assessment
of histological changes will be valuable in assessing the clini-
cal outcome. Recently, MMF therapy was shown to reduce
mesangial IgA deposition, endocapillary hypercellularity,
and cellular/fibrocellular crescents in a retrospective case
series; however, it is notable that this series included only
those with endocapillary hypercellularity seen on biopsy.”
Trials of azathioprine have also proved equivocal.”>” A role
for calcineurin inhibitors (CNIs) has also been postulated,
with a recent meta-analysis demonstrating that CNIs such
as Tacrolimus may reduce proteinuria when combined with
medium-dose steroid.” However, no significant benefits for
kidney function or decline in eGFR was seen, and there was
increased risk of adverse effects. No large high-quality trial
with sufficient sample size has yet been conducted to reliably
evaluate safety and efficacy of CNIs in I[gAN.

Studying clinical and histological disease recurrence
following transplant for end-stage [gAN may also allow com-
parison of efficacy of immunosuppressants, shedding light
on putative disease mechanisms. Transplant is the treatment
of choice for ESRD secondary to I[gAN but disease recur-
rence is frequent, with reported rates from 13% to 50%.!%77
A recent US-based transplant registry analysis indicates that
steroid use may be associated with decreased risk of recur-
rence, although of note there were no significant associations
between steroid use and patient survival or death-censored
graft survival.”® Many studies indicate that MMF alone or in
combination does not lessen recurrence or clinical impact of
IgAN when compared with azathioprine or other immunosup-
pressive agents.””® In another study, initiation of maintenance
immunosuppression with MMF and/or prednisolone within
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the first year posttransplant reduced risk of IgAN recurrence
in a cohort of 133 patients.?! Notably, disease recurrence did
not affect graft survival for this cohort.

Of course, a major disadvantage of a generalized approach
is the well-documented side effects of immunosuppression,
especially from steroids. In the STOP-IgAN trial, as well as one
patient died with pneumogenic sepsis in the immunsuppression
group, there was a numerically higher number of malignant
neoplasms and higher rates of impaired glucose metabolism
and bodyweight gain in the immunosuppression group. Serious
adverse events resulted in premature termination of the TEST-
ING trial, with an excess of serious infections (two fatal) in the
steroid group. Another consideration is that prior immunosup-
pression may complicate subsequent choice of immunosuppres-
sion following transplant for those that reach ESRD.

Furthermore, if underlying mechanisms of drug action are
not fully understood and there are no known biomarkers to
monitor therapeutic efficacy, it is difficult to make decisions

Rituximab

Immune complex deposition

(e.g. fostamatinib)

Downstream signalling pathways

Figure 2 Pathogenesis and potential therapeutic targets in IgA nephropathy.

regarding optimal duration and safe withdrawal of immuno-
suppressive therapy. For some glomerulonephritides such as
anti-glomerular basement membrane (anti-GBM) disease or
AAV, which are rapidly progressive with high rates of per-
manent renal failure and fatality, an aggressive short-term
regimen is necessary and warranted. For IgAN, which most
often exhibits a chronic and insidious course, risks of long-
term immunosuppression must be carefully balanced against
benefits. It seems likely that as understanding of pathogenesis
increases, differential therapeutic approaches may be war-
ranted based on clinical and histological disease features,
with optimization of supportive care a goal for all patients.

Targeted immunosuppression

As we gain insight into mechanisms underpinning this
complex immunopathological disease, further therapeutic
targets become apparent (Figure 2). Selective immuno-
suppressive regimens have the advantage that they target

Mucosal associated lymphoid tissue

Budesonide
Classical Alternative
C1 c3
Complement Com[_)oner_n:s
mediators of microbial
cell surfaces
Ag-Ab C3a
C2 C3b
cl Factor D
C2b
C2a Properdin Bb Factor B
C4B2a c3pebp ©?
C3a C3a
C3 C3b c3
C4b2a3b C3bBb3
Cb5a
C5b
C6-9
MAC

Notes: (A) Development of IgG and/or IgA autoantibodies against polymeric galactose-deficient IgAl. (B) B-cell depletion of autoantibody-producing plasma cells using
rituximab. (C) Targeting BAFF or APRIL. These may be involved in promoting B-cell class switch to IgA|-producing plasma cells. (D) Using budesonide to target dysregulation
of the mucosal immune system. (E) Targeting mesangial cell activation and production of inflammatory mediators such as via Syk or NF-kB. (F) Targeting elements of the
complement cascade such as properdin or C3.

Abbreviations: APRIL, a proliferation-inducing ligand; BAFF, B-cell activation factor of the TNF family; MAC, membrane attack complex; NF-kB, nuclear factor-kappa B;
Syk, spleen tyrosine kinase.
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specific mechanisms of disease and thereby avoid some of
the off-target effects of generalized immunosuppression. As
described earlier, development of IgG and/or IgA autoanti-
bodies against polymeric Gd-IgA1 is thought to be a key step
in IgAN pathogenesis. It may be possible to reduce produc-
tion of antibody or antigen or prevent interaction between the
two to form nephritogenic immune complexes. Circulating
levels of Gd-IgA1 are frequently elevated in IgAN patients,
with correlation between serum levels and disease progres-
sion.’>83 Depleting B cells that may theoretically lead to a
reduction in the antibody-producing plasma cells which are
presumed to drive this pathology is an appealing prospect.
B-cell depletion has been shown to be effective in other
autoantibody-mediated renal diseases including membra-
nous nephropathy, lupus nephritis, and AAV.3% However,
in a recent open-label, multicenter RCT, B-cell depletion
with rituximab treatment did not have a significant effect on
proteinuria or renal function in comparison to the baseline
or the control group after 1-year follow-up.?’

Production of IgA by plasma cells is thought to occur by
both T-cell dependent and independent processes. There have
been attempts to characterize some of the T-cell cytokines
which promote the B-cell class switch to IgA1-producing
plasma cells, with recent attention on BAFF and APRIL.%
Serum BAFF levels in IgAN patients are elevated and asso-
ciated with disease severity clinically and histopathologi-
cally.® In vivo, transgenic mice overexpressing BAFF exhibit
features of autoimmune disease and develop fatal nephritis
with age. The nephritic mice demonstrate mesangial IgA
deposition, along with high circulating levels of aberrantly
glycosylated polymeric IgA.* In addition, elevated serum
levels of APRIL (a cytokine structurally related to BAFF)
have been observed in an IgAN cohort, with correlation
between APRIL expression and elevated circulating levels of
galactose-deficient IgA and more severe clinical phenotype
(high proteinuria and low eGFR).* These cytokines repre-
sent exciting targets for future therapy; indeed, anti-APRIL
antibody treatment has already been shown to significantly
decrease albuminuria, tissue damage, serum IgA levels, and
deposition of glomerular IgA in a murine model of disease.*

Another option is to target the mucosal immune system,
dysregulation of which may contribute to aberrant IgA
formation. Results of the recent Phase IIb trial of modified-
release oral budesonide have recently been published.*
Administered in a form targeted to the enteric region, the drug
acts on the intestinal mucosa before undergoing high first-
pass metabolism, resulting in low systemic exposure when
compared with oral corticosteroids. Following a 6-month

run-in phase, patients treated with targeted release formation
(TRF)-budesonide 16 mg/day demonstrated greater reduc-
tion in proteinuria and stabilization of eGFR (a secondary
end point) versus placebo-treated controls. Both groups
received maximally tolerated RAS blockade. Concerns had
previously been raised regarding safety of this treatment,
with higher rates of adverse events in the budesonide-treated
group in Phase Ila trial.”! Most recent results indicate that
TRF-budesonide is safe and generally well tolerated, without
serious adverse events, although there was a dose-dependent
trend in the incidence of corticosteroid-related adverse events
and resultant discontinuations. Certainly, modified-release
budesonide is a promising therapy, offering an alternative to
high-dose systemic steroids, which may be safer and better
tolerated. However, larger studies are needed to confirm this.

Instead of targeting immune complex formation, it may
be possible to prevent deposition of nephritogenic polymeric
IgA1 complexes and/or their downstream inflammatory signal-
ing pathways. Deposition of complexes drives activation of
mesangial cells and excessive inflammatory mediator produc-
tion. An emerging and promising target in this regard is the
enzyme spleen tyrosine kinase (Syk), which plays an important
immunoreceptor signaling role in a range of hematological and
immune-mediated disorders. A role in IgAN is supported by
evidence of increased Syk staining in biopsies from patients
with IgAN versus minimal change glomerulopathy controls.*
In vitro, IgA1 from serum of patients with IgAN has been
shown to induce activation (i.e., phosphorylation) of Syk in
human mesangial cells (HMCs), and addition of R406, the
active metabolite of the selective Syk-inhibitor fostamatinib,
inhibited production of multiple inflammatory mediators.*?
Translating these findings to an experimental autoimmune
glomerulonephritis (EAG) rodent model, late treatment with
oral fostamatinib was shown to reduce hematuria, proteinuria,
and autoantibody production and to reverse histopathological
kidney damage when compared with vehicle.”> We eagerly
await to see whether these preclinical findings can be success-
fully translated into clinical trial. Fostamatinib has undergone
clinical testing in rheumatoid arthritis, refractory immune
thrombocytopenic purpura, leukemia, and lymphoma, and in
animal models of renal disease, including the EAG and neph-
rotoxic nephritis models of anti-GBM disease, lupus nephritis,
and renal fibrosis models. The use of fostamatinib in IgAN
patients demonstrating proliferative lesions on renal biopsies is
currently being investigated in a Phase II RCT (ClinicalTrials.
gov NCT02112838), with primary outcome being proteinuria at
24 weeks. This study also aims to examine histological changes
on repeat renal biopsy after a 6-month treatment period.
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Mesangial cell activation is thought to be amplified by
complement activation, with both alternative and lectin path-
ways implicated. The role of complement in IgAN has been
outlined earlier and forms the subject of a recent review.” C3,
properdin, and CFH have all been detected in [gAN glomerular
immune deposits. Absence of CFH-related (CFHR) genes
CFHRI and CFHR3 is associated with altered CFH levels
and enhanced CFH activity in IgAN.% In a recent study, C3aR
and C5aR antagonists repressed IgA-induced cell proliferation
and IL-6 and MCP-1 production in cultured HMCs, while in
the Sendai virus-induced mouse model, C3aR/C5aR-deficient
mice demonstrated reduced proteinuria, lower renal IgA and
C3 deposition, less histologic damage, and reduced mesangial
proliferation compared with wild-type mice.”® However, C3aR/
C5aR-deficient and wild-type mice with IgAN did not differ
with respect to their serum urea or creatinine levels. Given the
supposed importance of complement deposition in [gAN, use
of the humanized anti-C5 monoclonal antibody eculizumab
has been proposed as a rational treatment. This has been trialed
only in isolated cases thus far, with inconclusive outcomes.’”
Developing further therapies to target mediators and regulators
of complement signaling remains an attractive goal.

Nuclear factor-kappa B (NF-kB) has also been studied in
the context of GN. NF-kB expression has been shown to cor-
relate with clinical and histological parameters of IgAN, with
purported activation and a role in tubulointerstitial injury,
particularly in proteinuric states. Increased tubular NF-kB
expression may be predictive of poor prognosis in IgAN. In
one rat model of IgAN, treatment with the flavonoid icariin
was shown to block NF-kB and reduce downstream cytokine
production with reduction in proteinuria, improved renal
function, and decreased glomerular fibrosis.”” However, in a
mouse model of crescentic GN, inhibition of NF-kB prior to
disease induction resulted in improved disease phenotype, but
treatment after onset of disease resulted in marked worsening
of disease with higher proteinuria, lower creatinine clearance,
and greater severity of histology.'® Further work investigating
the role of this complex pathway is needed before translation
to clinical studies.

Other pilot clinical studies include trials of Acthar gel, a
purified form of adrenocorticotropic hormone, for patients
with IgAN and nephrotic syndrome who have failed previ-
ous immunosuppression (NCT02382523), of bortezomib, a
proteasome inhibitor currently used in multiple myeloma and
mantle cell lymphoma (NCT01103778), and of Blisibimod,
a fusion between the Fc portion of IgG and a peptide with
high affinity to both soluble and membrane-bound BAFF
(NCT02062684).1!

Conclusion and future directions
IgAN remains a common cause of glomerular disease and
a significant contributor to the global burden of CKD and
ESRD. Studies in vitro and in vivo animal models continue
to shed light on mechanisms of disease, identifying key play-
ers in the immunopathological interaction between Gd-IgAl
antigen and circulating antiglycan antibodies and formation
and deposition of immune complexes.

International treatment guidelines, supported by multi-
center clinical trials, advocate high-quality supportive care,
including RAS blockers and carefully titrated blood pressure
control. Steroids and further immunosuppressive therapies
are considered for those with persistently high proteinuria or
rapidly progressive disease, respectively. Notably, the recent
STOP-IgAN trial did not demonstrate benefits of broad immu-
nosuppressive therapy, including steroid, in IgAN to justify
use in routine care (although note that patients with >3.5 g/
day proteinuria were excluded from the study). Trials of other
immunosuppressants have not provided conclusive evidence of
overall benefits for disease progression and patient outcomes
when balanced against risks associated with these therapies.

Recent research has generated greater insight into poten-
tial therapeutic targets for IgAN. Deeper understanding of
the roles of the mucosal immune barrier, complement activa-
tion and deposition, and T-cell dependent and independent
mechanisms of B-cell activation and downstream signaling
of immune receptors via Syk has formed the rationale for
the development of novel agents and clinical trials of more
targeted therapies. Results of a Phase IIb trial of targeted
oral budesonide appear promising. Meanwhile, results of the
Phase I RCT of oral Syk inhibitor fostamatinib are eagerly
awaited. It is hoped that continuing research will generate
further putative therapeutic targets to change the future
landscape of treatment strategies for IgAN.
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