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Abstract

IgA vasculitis with nephritis (IgAVN) shares many pathogenetic features with IgA nephropathy
(IgAN). The purpose of this review is to describe our current understanding of the pathogenesis
of pediatric IgAVN, particularly as it relates to the four-hit hypothesis for IJAN. These individual
steps, i.e., hits, in the pathogenesis of IgAN are 1) elevated production of IgA1 glycoforms

with some O-glycans deficient in galactose (galactose-deficient IgA1; Gd-1gAl), 2) generation
of circulating 1gG autoantibodies specific for Gd-1gA1, 3) formation of pathogenic circulating
Gd-1gAl-containing immune complexes, and 4) kidney deposition of the Gd-IgA1-1gG immune
complexes from the circulation and induction of glomerular injury. Evidence supporting the
four-hit hypothesis in the pathogenesis of pediatric IgAVN is detailed. The genetics, pediatric
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outcomes, and kidney histopathologic features and the impact of these findings on future treatment
and potential biomarkers are discussed. In summary, the evidence points to the critical roles

of Gd-IgA1-1gG immune complexes and complement activation in the pathogenesis of IgAVN.
Future studies are needed to characterize the features of the immune and autoimmune responses
that enable progression of IgA vasculitis to IgAVN.

Keywords
Children; IgA vasculitis; Henoch-Schdnlein purpura; progression; IgAVN; 1gA1l glycoforms

Introduction

IgA vasculitis (IgAV), formerly known as Henoch-Schénlein purpura (HSP), is a systemic
disease affecting multiple organs. The first case of a child with purpuric rash, abdominal
colic, bloody stools, arthralgias, and macroscopic hematuria was reported by Heberden in
1806 [1]. In 1837, Schonlein noted the association of purpura and joint pain [2]. Henoch
reported four children with purpura, abdominal colic, bloody diarrhea and arthralgia in
1874 and subsequently added nephritis in 1899 [3, 4]. Now it is understood that kidney
involvement occurs in approximately 30% of patients with IgAV [5].

The 2012 International Chapel Hill Consensus Conference on the Nomenclature of
Vasculitides determined that the eponym “Henoch-Schénlein purpura” would be replaced
by IgA vasculitis [6]. The conference based this decision upon “the compelling body

of literature indicating that abnormal IgA deposits in vessel walls are the defining
pathophysiologic feature.” This review follows this recommendation for change in
nomenclature; hence Henoch-Schédnlein purpura nephritis (HSPN) is referred to as IgA
vasculitis with nephritis (IgAVN).

Clinical evidence for shared pathogenesis of IJAN and IgAVN

A connection between IgAV and IgAN was suspected when Jean Berger noted the mesangial
deposition of IgA in both conditions in 1969 [7], but IgA deposits in IgAVN had actually
been reported prior to the discovery of IgAN [8]. In 1973, the mesangial deposition of

IgA, C3, and properdin were shown for “focal nephritis”, i.e., IJAN and IgAVN, indicating
involvement of the alternative complement pathway for both conditions [9]. These IgA
deposits are of the 1gA1 subclass for both IgAN and IgAVN [10]. Wyatt and Julian
compared the features of IgAN and IgAV in their review of IgAN in 2013 [11] and more
recently, the CureGN Study compared demographic and clinical features of IgAN and IgAV
for the children and adults in their cohort [12]. Table 1 compares the characteristics of
patients with IgAN and IgAVN.

The change in clinical phenotype from IgAVN to IgAN or vice versa is well documented.
The usual example of this is a child with typical IgAVN that resolves, but later develops
one or more episodes of macroscopic hematuria during an upper respiratory infection
without clinical features of IgAV [13, 14]. Conversely, the development of IgAV after a
diagnosis of IgAN occurred in 6 of 53 children at the National Center for Child Health and
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Development in Tokyo [15]. Review of these cases and previously reported cases revealed a
total of 17 instances in which IgAV developed, sometimes in adulthood, as long as 15 years
after diagnosis of IgAN. Eleven cases were from other Japanese centers, while the 6 were
single-case reports from centers in Canada and Europe. The incidence of phenotype change
is likely underestimated, since new case reports are unlikely to be published.

IgAVN and IgAN have also been described in different members of the same family.
Identical twins in the United Kingdom had adenoviral pharyngitis that resulted in isolated
macroscopic hematuria in one and IgAVN in the other, and both subjects had mesangial
IgA deposits [16]. Similarly, and soon after the description of familial IgAN in Kentucky
[17], a survey from the French Society of Nephrology described families with individuals
with IgAN or IgAV/IgAVN [18]. Of 58 pedigrees with at least one individual with IgAN,
23 had at least one person with IgAV either with or without nephritis. We have reported

a pedigree from southeastern Kentucky including individuals having IgAN or IgAV [19]
and have previously followed an unreported family from Memphis in which a mother with
IgAN diagnosed in childhood subsequently had two daughters develop IgAV (i.e., without
nephritis).

Pathogenesis

Shortly before the publication of the 4-hit hypothesis for the clinical expression of IgAN
[20], we reviewed the pathogenesis of IgAVN for this journal [21]. Over the past quarter of
a century, there have been several reviews that discussed the similarities in the pathogenesis
of IgAN and IgAVN [5, 11, 22, 23]. The purpose of this review is to update the pathogenesis
and clinical expression of nephritis associated with IgA vasculitis (i.e., IJAVN) as it relates
to the four-hit hypothesis for IgAN (Figure 1).

We will provide a brief overview and then follow with more specific and extended
information for each aspect. Hit 1 is related to production of galactose-deficient IgAl (Gd-
IgAL), often presenting with elevated serum levels of Gd-IgA1l [24]. Hit 2 is the generation
of circulating 1gG autoantibodies specific for Gd-1gA1 [25-28]. Hit 3 is the formation of
pathogenic Gd-1gA1-containing immune complexes [25, 29-32]. Hit 4 is the mesangial
deposition of Gd-IgA1-containing immune complexes, resulting in mesangial-cell activation,
release of inflammatory mediators, and glomerular injury [33-35].

Hit 1: In 1997, Saulsbury [36] used peanut-lectin binding to IgA1l to show that O-glycans
of 1IgA1 were deficient with respect to sialic acid in children with IgAV. In 1998, Allen et al.
[36] found that children with IgAVN had significantly higher serum levels of Gd-IgA1 than
children having IgAV without kidney involvement who had normal levels. This suggested
that elevated circulating Gd-IgA1 was important for the development of nephritis in IgAV.

The clustered C-linked glycans of the hinge region of IgA1 contain core 1 glycans
consisting of A-acetylgalactosamine (GalNAc) with p1,3-linked galactose (Gal) wherein
either or both sugars may be sialylated. Mass spectrometry studies from adult kidney
transplant recipients found that the serum IgA1 O-glycosylation profile was similar for
recipients with IgAVN as compared to those with IgAN [37]. IgA1 from both types

of transplant recipients had fewer G-glycans and reduced number of galactose residues
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attached to GalNAc as compared to IgA1 from recipients with other kidney diseases and
healthy donors [37].

In 2007, we showed that median serum Gd-IgA1 level was significantly higher for children
with IgAVN as compared to healthy controls [38]. In that study, 75% of children with IgAN
and 52% with IgAVN had elevated serum Gd-IgA1 levels, defined as > 90t percentile

for healthy controls. In a larger study of French children, mean serum Gd-1gAl was
significantly higher for IgAVN as compared to IgAV and healthy controls but did not differ
between IgAV and healthy controls [39]. Gd-IgAl could differentiate IgAVN from IgAV
with the receiver operator characteristic curve having an area under the curve of 0.73 (P =
0.02). A recent study from Poland confirmed the presence of elevated serum Gd-IgAl levels
in children with IgAVN [40]. For adults in China, serum Gd-I1gAl levels were similarly
elevated for patients with IgAN and IgAVN, whereas the levels for patients with IgAV

also did not differ from those of healthy controls [41]. We recently reported similar serum
Gd-1gALl levels for children with IgAV as compared to controls and children with inactive
IgAVN [42].

Furthermore, using a new tool, IgA1-producing cells derived from Epstein-Barr virus-
immortalized B cells from peripheral blood of patients with IgAV and IgAVN, we have
assessed degree of O-glycan galactose deficiency of the secreted IgA1. IgA1 produced by
the cells from patients with IgAVN was deficient in galactose to a similar degree as found
for patients with IgAN [42]. In contrast, IgA1 secreted by cell lines from patients with IgAV
had normal galactosylation content.

Serum Gd-IgA1l levels appear to be inherited in an autosomal dominant manner for most
adult patients with IgAN [43] and two relevant genetic loci were identified in a genome-
wide association study (GWAS) [43, 44]. Serum Gd-IgALl levels are also highly inherited

in pediatric patients with IgAN and IgAVN, but in most instances first-degree relatives with
elevated serum Gd-IgA1l levels never had clinical features of IgAN or IgAV [42, 45]. In
vitro experiments suggest that production of Gd-IgA1 in IgAN can be further enhanced by
various cytokines, such as interleukin 6 (IL-6), interleukin 4 (IL-4), and leukemia inhibitory
factor (LIF) [46—-48]. This cytokine-enhanced production of Gd-IgAl is due to an aberrant
signaling that in turn alters expression and activities of key glycosyltransferases, namely the
galactosyltransferase C1GalT1 that adds Gal to GalNAc in IgA1 [49-51].

Hit 2: In 2009, Suzuki et al [26] described IgG autoantibodies to Gd-1gAl in patients with
IgAN. These autoantibodies are present in children with IgAVN and their serum levels are
significantly higher for patients with active disease than those with resolution of nephritis
[42]. In this relatively small study, levels of anti-glycan antibodies were similar for patients
with inactive IgAVN as compared to healthy controls. More extensive studies with serial
levels are needed to confirm that the 1gG autoantibodies may clear after IJAVN has resolved.
In IgAN, serum levels of 1gG autoantibodies correlate with serum levels of Gd-1gAl [52].
Furthermore, these 1gG autoantibodies are enriched in the glomerular immunodeposits of
kidney biopsies from IgAN patients but not those from patients with lupus nephritis or
membranous nephropathy [52].

Pediatr Nephrol. Author manuscript; available in PMC 2023 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hastings et al.

Genetics

Page 5

Hit 3: In 1979, Levinsky and Barratt [53] showed that all patients with IgAV had
circulating IlgA1-containing immune complexes of a relatively small molecular mass,
whereas patients with IgAVN had additional large-molecular mass 1gA1-1gG immune
complexes. Subsequently, circulating immune complexes containing IgA were found in
other series of patients with IgAV and IgAVN [39, 40, 54-60]. IgA1-containing immune
complexes isolated from the sera of patients with either IJAN or IgAVN stimulate the
proliferation of cultured mesangial cells in a similar manner [61].

Glomerular deposits in IgAN contain aberrantly glycosylated IgA1 [62, 63]. Using KM55,
a monoclonal antibody that binds to Gd-IgA1, Gd-IgA1 was found in the mesangial
deposits for IgAN and IgAVN, but absent in other glomerular diseases such as lupus
nephritis and secondary forms of IgAN [64]. Although the initial findings indicated that
glomerular Gd-l1gA1 deposition was specific for IJAN and IgAVN, a recent publication
postulates that KM55 staining may not be specific for primary IgAN [65]. This last study
assessed whether immunostaining with KM55 can effectively differentiate primary IgAN
from other diseases with IgA deposits. The authors performed double immunostaining using
IgA-specific antibody and KM55. Similar patterns of KM55 staining were observed for
primary IgAN, IgAVN, and secondary IgAN with hepatitis B virus-antigen deposits. KM55
staining was also observed for patients with lupus nephritis and incidental IgA deposits,

but the intensity was lower than that for primary IgAN. The authors thus conclude that
immunostaining by KM55 was not specific for primary IgAN [65]. Another recent study did
reveal that the glomerular 1gG extracted from remnant kidney-biopsy tissue of IgAN cases
was specific for Gd-1gA1 [28]. Additionally, confocal microscopy showed co-localization of
these autoantibodies with IgA, thus supporting the presence of mesangial immunodeposits
consisting of 1gG and Gd-1gA1l.

Hit 4: Activation of the alternative complement pathway in IgAVN was demonstrated in
early reports by presence of properdin in the glomerular deposits [9]. In 2000, Endo et

al. [66] also described glomerular deposits of MBL/MASP-1 and plasma C4d, indicating
activation of the lectin pathway. Subsequently, the same group found MBL/MASP1
mesangial deposits in 16 of 31 patients with IgAVN [67]. Mesangial deposits containing
membrane attack complexes are known to occur in both IgAN and IgAVN [67, 68]. Thus,
patterns of glomerular deposition of complement components indicate involvement of the
alternative, lectin, and terminal complement pathways in both IgAN and IgAVN [69, 70].

Serum levels of many cytokines are elevated in children with acute IgAV compared to
healthy controls [71-77]. These cytokines include tumor necrosis factor a. [71-73], IL-2
[73], IL-4 [74], IL-6 [74-76], IL-18 [75], transforming growth factor-f [77], and midkine
[74]. The observations of upregulated cytokine/chemokine synthesis may be related to hit 1,
2, or 4, i.e., impacting production of the autoantigen or autoantibody, or altering the local
cytokine milieu in the glomerulus.

There are three independent lines of support for the role of genetic factors in the
pathogenesis of IgAV. First, there are ethnic and geographic differences in the incidence
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of 1gAV, with a pattern similar to IgAN incidence. IgAV has the highest occurrence in

East Asians, intermediate in Europeans, and the lowest in individuals of African ancestry
[78, 79]. Second, familial segregation of IgAV has been previously reported, including
co-segregation in pedigrees with familial forms of IgAN, suggesting common genetic
predisposition between these disorders [18, 19]. Third, genetic association studies suggest
involvement of common variants in the pathogenesis of this disorder. However, formal
estimates of IgAV heritability are not available, mostly due to the lack of large family-based
studies or twin studies of this condition.

The results from multiple candidate gene association studies for IgAV have recently been
reviewed in detail by Lopez-Mejias et al. [80]. However, most of these studies were severely
underpowered and used outdated methods, falling short of modern standards for genetic
association studies. These studies are therefore generally inconclusive.

Although large-scale GWAS have been successfully performed for IgAN in adults [81-86],
there are presently no GWAS for pediatric IgAN, and only a single small study for IgAV
has been published to date [87]. That study included 285 Spanish patients with IgAV and
1,006 ancestry-matched controls and describes a strong association signal in the MHC class
Il region. The top single-nucleotide polymorphism (SNP) in the region, rs9275260, maps
between HLA-DQAI and DQBI genes, has relatively large effect size (OR = 1.79, 95%
Cl=1.47-2.17), and reaches genome-wide significance despite the small sample size (P =
3.4x10-9). Imputation of classical HLA alleles and the analysis of individual amino-acid
residues in MHC class 1l molecules pointed to the potential role of positions 13 and 11 of
HLA-DRBI gene, although the small sample size did not allow analysis to further dissect
this signal. Moreover, this study is underpowered to detect smaller allelic effects outside of
the HLA region. Thus, it is very likely that numerous other non-HLA risk alleles also exist
that, because of power issues, escape statistical detection. Lastly, the contributions of rare
genetic variants to the risk of IgAV have not yet been studied.

In summary, very little is known presently about the genetic architecture of IgAV with

and without nephritis, or its genetic similarity to IgAN. Given the availability of modern
genetic tools, such as high-density SNP arrays and next generation sequencing, there is

an opportunity to perform high quality large-scale genetic investigations in this area. Such
studies should include systematic assessments of common variants (through large-scale
high-resolution GWAS) and rare variants (through exome or whole genome sequencing
studies), including familial disease. The generation of such data will also facilitate
discoveries of specific genetic mechanisms that are either unique to 1gAV, or shared with
IgAN. The main challenge is the availability of sufficiently large pediatric cohorts to enable
adequately powered genetic investigations.

To address this problem, a large multicenter study called GIGA-kids (Genomics of 1gA-
related disorders in kids, www.gigakids.org) has been established. The study aims to
recruit over 1,000 children with early onset IJAN and IgAV with and without nephritis

for the purpose of genetic and genomic studies (at 50% recruitment target or ~500 subjects
recruited as reported during the annual meeting of the American Society of Nephrology
Renal Week 2018 in San Diego, CA). In parallel, similar efforts are ongoing in Europe
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under the umbrella name GIGA-Europe Study. We expect that genetic studies of these
cohorts will elucidate additional genetic factors underlying IgAV and will help to resolve
HLA associations across multiple ethnicities. Moreover, these studies will potentially allow
detection of genetic factors that represent specific determinants of kidney involvement in
IgAV, enable quantification of SNP-based heritability of IgAV with and without nephritis,
and, for the first time, test the genetic correlation between IgAV and IgAN.

Outcome for pediatric IJAVN

The potential for progression to kidney failure in IgAVN was recognized in the earliest case
series [13, 88, 89]. Poor outcome, defined as chronic kidney disease without replacement
therapy (CKD) or death, was reported for 12 of 88 English pediatric patients with IgAVN in
1977 [89]. The authors concluded that poor outcome correlated with a clinical presentation
of combined acute nephritis and nephrotic syndrome and a high proportion of crescents

in the kidney biopsy. The following outcome grades were described in that study: A)
normal, i.e., no hypertension, hematuria or proteinuria and normal kidney function, B)
minor, i.e., same as A) but proteinuria < 1 g/day or 40 mg/m?/h, C) active kidney disease
with proteinuria > 1 g/day or > 40 mg/m#/h and/or hypertension, but estimated glomerular
filtration rate (eGFR) > 60 ml/min/1.73 m2, and D) CKD with eGFR < 60 ml/min/1.73 m?
or death. These outcome grades, often with modifications in the definitions for proteinuria
and CKD, have been used for many studies up until the present time [90-102]. However,
this classification incorporates surrogate markers for the outcome of eventual progression
to kidney failure and is clearly outdated. In many studies, definitions for markers in grades
C and D are modified or changed, so there has been a lack of uniformity in the definition
of outcomes across studies. There has been a tendency to include all of those classified in
grades C and D as having a “poor” outcome [89, 93, 94, 98]. Thus, a subject could be
classified in the poor outcome category on the basis of a weak surrogate outcome measure
such as hypertension or relatively low-grade proteinuria. Such subjects may actually have a
relatively low probability of eventual progression to kidney failure.

Relatively few studies have examined kidney failure as the primary outcome measure for
IgAVN [103-107]. For these studies, 10-year kidney survival was 78% to 90% [102-105].

In a German study with a primary outcome of kidney failure, eGFR < 40 ml/min/1.73 m?,
CKD at presentation, and nephrotic syndrome, were independent significant predictors of
poor outcome. A Swedish study showed eGFR < 90 ml/min/1.73 m2, hypertension, and
presence of proteinuria at time of biopsy were significantly associated with the outcome of
kidney failure or eGFR < 90 ml/min/1.73 m2 [107]. Conversely, in an Italian cohort of 83
pediatric and 136 adult patients, no clinical feature at diagnosis (including CKD, proteinuria,
hypertension) was significantly related to decline in eGFR by multivariate analysis [106].
However, degree of proteinuria after diagnosis, age (adult vs. pediatric), and female sex were
significant independent predictors for loss of kidney function, defined as doubling of serum
creatinine.

Pathological features

A critical need at this time is a widely validated and accepted pathological scoring
system that fits with our current understanding of the pathogenesis of IgAVN. The
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histological lesions of kidney involvement in pediatric IgAV were initially categorized by the
International Study of Kidney Disease in Children (ISKDC) classification [88]. The ISKDC
system was widely used for almost three decades [89-91, 99, 100, 102-104, 108] but fell out
of favor after the development of the Oxford MEST classification for IJAN (Table 2) [109].
The Oxford MEST classification is widely accepted for IgAN but still under evaluation for
IgAVN.

Biopsy grades in the ISKDC system are | (normal light microscopy), Il (mesangial
proliferation only), and 111 (focal or diffuse proliferation or sclerosis with < 50% of
glomeruli with crescents), IV and V (50-75% and > 75% with crescents, respectively).

In addition, Grade V1 is used for lesions with membranoproliferative features. This system
has its limitations, as it focuses on the degree of crescentic involvement; in more recent
series, grades IV and V account for an extremely small percentage of the cases.

Additionally, grade I11, which includes biopsies with < 50% of glomeruli with crescents,
includes cases without crescents, making it difficult to determine the precise incidence
of crescentic involvement in series using this pathologic classification. In addition, the
ISKDC system does not grade the chronic changes of segmental glomerular sclerosis,
tubulointerstitial injury, or vascular changes.

The presence of glomerular crescents is a common finding in kidney biopsies from pediatric
IgAVN [95, 103, 110-112]. However, the percentage of patients with crescents varies greatly
in these series from about 30% [95, 103, 112] to about 70% [110, 112]. A recent multicenter
study from Germany found one or more crescents of any type in 69% of 202 biopsies

[111]. In that study, patients with cellular crescents were biopsied significantly earlier than
those without crescents [111]. An Italian study found that crescents occurred in equal
frequency in children and adults and about two-thirds of those with crescents also had
endocapillary proliferation [103]. Davin and Coppo [5] noted that the paradox of patients
without crescents having a worse outcome than those with crescents [93] was most likely
due to early treatment of crescentic IgAVN with corticosteroids and/or immunosuppressive
agents.

The Oxford classification for IgAN was updated in 2017 to include an assessment of
crescents and is now termed MEST-C (Table 2) [113]. In this system CO denotes no
glomerular crescents, C1 denotes < 25% of glomeruli with crescents, and C2 denotes > 25%
with crescents. The cutoffs employed for percentage of glomeruli are much more clinically
relevant than those in the ISKDC classification.

The acute feature of endocapillary proliferation, a component of the IgAN Oxford
classification, is not independently assessed in the ISKDC system. Mesangial proliferation, a
component of ISKDC grades Il and I, is not defined as rigorously in that system as it is in
the Oxford IgAN classification [109]. The chronic features of sclerosis and tubulointerstitial
fibrosis are included in the Oxford classification, but not independently assessed in the
ISKDC system. Thus, the ISKDC system is inadequate by present standards with respect

to assessing both acute and chronic injury. Other systems have been proposed, but they

tend to be very complex and lack validation in different clinical cohorts [102, 112]. The
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recent review in this journal by Davin and Coppo [114] states “It is now obvious that

the ISKDC classification that grades severity according to the amount of crescents only
has become obsolete and should be replaced by a new detailed histological classification
similar to that recently published for IgAN. This latter classification takes into account

not only the crescents but also the following parameters that have been shown to be
independent predictors of kidney functional decline and/or response to therapy: mesangial
hypercellularity, endocapillary hypercellularity, sesgmental and global glomerulosclerosis,
arterio- and arteriolosclerosis, interstitial inflammation and tubular atrophy and interstitial
fibrosis.” The Oxford MEST-C classification’s rigorous assessment of the acute changes of
C, M, and E fits our present understanding of the four-hit hypothesis for IgAN, particularly
with regards to the earliest mediators of glomerular injury in hit 4.

The Oxford MEST-C classification was utilized in a study of 104 biopsied Chinese children
with IgAV having = 12 months follow-up [115]. M1 strongly associated with the degree

of proteinuria at time of biopsy. T1, T2 and C2 were significantly associated with reduced
estimated GFR at biopsy. S1 significantly associated with the primary outcome of impaired
kidney function (= 50% reduction in initial eGFR or eGFR below 90 ml/min/1.73 m2). T1
and T2 were negatively associated with both clinical remission and remission of proteinuria.

A Turkish study of 75 children with IgAVN who were biopsied prior to initiation of
treatment with corticosteroids and/or other immunosuppressive agents found that S1 and
T1 and T2 were significantly associated with reduced eGFR at time of biopsy [116]. In this
study, T1 and T2, S1, and C1 and C2 associated with the outcome of kidney dysfunction
defined by eGFR < 90 ml/min/1.73 m2. A small study in the United States that utilized a
“composite” outcome measure of very weak surrogate markers, such as hypertension or any
degree of proteinuria, failed to find a significant association with C1 [117]. In a study of 26
children having repeat biopsies, the frequencies of E1, C1, and C2 were significantly less
in the second biopsy compared to the first, but the frequency of S1 significantly increased
(from 38 to 79%; P = 0.006) [118]. However, this study also indicated that follow-up
biopsies (performed at a median of 2.1 years after diagnostic biopsy) provide only limited
additional information for IgAVN outcome prediction.

Overall, it appears that the Oxford MEST-C classification may be useful for IgJAVN. Results
will soon be available from a large multi-national study from the Oxford group on the use of
MEST-C score in the assessment of kidney biopsies from children and adults with IgAVN.

Glomerular leukocytic infiltration is a major feature of IgAVN, associating with both
endocapillary proliferation and crescent formation [23]. Davin and Coppo [5] observed

that the glomerular lesions in the initial biopsy were often more severe for children with
IgAVN as compared to those with IgAN. They suggested that this finding may be due to
more intense subendothelial deposition of IgA-containing circulating immune complexes.
Thus, IgAVN is often associated with acute episodes of glomerular inflammation with the
constellation of endocapillary and mesangial proliferation, fibrin deposits, and epithelial
crescents that can either heal (spontaneously or in response to treatment) or lead to chronic
lesions [5]. By contrast, IJAN may have slowly progressive mesangial lesions resulting from
continuous low-grade deposition of IgA1 immunocomplexes [5]. These observations were
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supported and extended by the recent study of German children by Hennies et al. [111] in
which younger children had a more acute presentation while those over 10 years of age had
more insidious onset of non-nephrotic proteinuria, impaired kidney function, longer delay to
biopsy, and more chronic histologic lesions. These authors also advocated for earlier biopsy
that might lead to effective therapeutic intervention for the older children [111].

Treatment of IgAVN remains problematic, as little has changed since evidence-based
guidelines for treatment were summarized by Wyatt and Hogg [119] in 2001. Well-designed
randomized clinical treatment trials are lacking due to inconsistent screening for kidney
involvement in IgAV and due to the self-limited nature of IgAVN in most cases [120].

Two major guidelines based largely on expert opinion have been published to date in

an attempt to standardize diagnostic and treatment approaches to IgAVN. The Kidney
Disease: Improving Global Outcomes (KDIGO) 2012 Clinical Practice Guideline for
Glomerulonephritis for IgAVN, which was based upon very-low-quality evidence, suggested
renin-angiotensin system (RAS) blockade with angiotensin converting enzyme inhibitors
(ACE:i) or angiotensin receptor blockers (ARB) for children with urine protein excretion

0.5 to 1 g/1.73 m2/day [121]. KDIGO also recommended six months of oral corticosteroids
for those with proteinuria > 1 g/1.73 m2/day after a trial of ACEi or ARB [121]. These
guidelines for RAS blockade and oral corticosteroids appear to address treatment of chronic
disease associated with MEST-C scores of S1 and T1/2. KDIGO further recommended
corticosteroids and cyclophosphamide for children with crescentic rapidly progressive
disease. Davin and Coppo disagree with KDIGO recommendations, particularly regarding
early treatment for acute changes [5, 114]. They emphasized treatment targeted at the
MEST-C acute lesions of E1 and C1/2. They contend that early diagnosis and prompt
treatment is of paramount importance in determining the final outcome and that both over-
and under-treatment are important concerns.

More recently, European consensus-based recommendations for the treatment of 1IgAV
(with and without nephritis) were published in which treatment guidelines were based on
severity of IgAVN [120]. These recommendations supported the use of RAS blockers in
patients with persistent proteinuria beyond three months. Mild IgAVN, defined as normal
eGFR and early morning urine protein to creatinine ratio (PCR) up to 250 mg/mmol,

would be treated with oral prednisolone as the first-line agent. If proteinuria does not
resolve, then the addition of azathioprine, cyclosporine, or mycophenolate mofetil may

be considered as second-line agents or corticosteroid-sparing strategies [120]. Moderate
IgAVN, defined as < 50% crescents on biopsy with impaired eGFR (< 80 ml/min/1.73

m?2) or severe persistent proteinuria (PCR > 250 mg/mmol for 4 weeks), would warrant
initiation of corticosteroids followed by the addition of azathioprine, mycophenolate mofetil,
or intravenous cyclophosphamide as second-line treatments [120]. Severe IgAVN, defined
as > 50% crescents on biopsy with impaired eGFR (< 80 ml/min/1.73 m?) or severe
persistent proteinuria (PCR > 250 mg/mmol for 4 weeks), should be treated like other small
vessel vasculitis such as ANCA-associated vasculitis. The treatment would therefore require
an induction phase including high-dose systemic corticosteroids and cyclophosphamide,
followed by a maintenance phase using lower-dose corticosteroids and azathioprine or
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mycophenolate mofetil [120]. All of these recommendations were based on expert opinion,
as the data available for the treatment of IgAVN is mostly retrospective or based on case
series. These guidelines reflect the widespread use of immunosuppression in the setting

of IgAVN in clinical practice. The CureGN trial reported that among 161 IgAVN and

506 IgAN participants across the age spectrum, 79.5% of IgAVN patients had received

at least one immunosuppressive drug versus 54% of IgAN patients. Furthermore, adults
with IgAVN were twice as likely to receive immunosuppressant drugs as children (24.1%
vs. 12.2% of the cohort) [12]. European treatment guidelines are largely based on expert
opinion. Perhaps the most controversial is the use of any immunosuppression in mild case
of IgAVN with mild proteinuria in which the risk of immunosuppression may outweigh

the benefit. More data are needed to determine the lower threshold of proteinuria beyond
which treatment should be escalated. Perhaps some of the newer agents with a better safety
profile that are being investigated in IgAN could ultimately be extended for use in IgAVN
and pediatric patients. A particularly promising agent is oral targeted-release budesonide
which affects the Peyer’s patches in the ileum where the disease process (i.e., production of
Gd-IgAl) is thought to originate. Such new therapies, if applicable to IgAVN, may change
the risk-benefit balance of therapeutic interventions and recommendations.

More recently, treatment with rituximab, an anti-CD20 monoclonal antibody which has been
successfully used in the treatment of ANCA vasculitis, has been explored in IgAVN. In a
small case series of children with corticosteroid-dependent IgAVN, rituximab was associated
with weaning of corticosteroids, reduced number of hospitalizations, and remission in most
subjects [122]. Similarly, a few case series in adults suggest it may be beneficial [123—

125]. Rituximab is expected to block hits 1 and 2 by reducing synthesis of Gd-IgA1 and
autoantibody. However, in an open-label multicenter randomized study in adult IgAN, this
agent failed to reduce the level of proteinuria when compared to standard therapy with

RAS blockade and did not change serum levels of Gd-1gA1 and autoantibody [126]. The
mechanism by which it benefits IgAVN patients remains therefore unknown.

New agents targeting complement activation pathways are showing promise for the
treatment of IgAN in adults [33]. As they target pathogenic hit 4, it is reasonable to assume
that such agents may be effective for severe IgJAVN as well, although future studies are
needed to confirm this theoretical benefit. Bortezomib, a proteasome inhibitor used in the
treatment of multiple myeloma, has been described as a successful rescue therapy in one
case report of refractory IgAVN [127].

Several attempts at therapeutic interventions to prevent the development of nephritis after
the onset of IgAV have failed to show benefit. Therefore, the consensus, based on systemic
reviews of the data, is to avoid corticosteroid use as a preventive therapy [128, 129]. A more
recent placebo-controlled trial included 352 children with newly diagnosed IgAV who were
randomized to receive prednisolone versus placebo for 14 days confirmed this guideline.

At the end of the trial, there was no difference at 12 months in the primary outcomes of
proteinuria (defined as PCR > 20 mg/mmol) or the need for additional treatments (such as
use of anti-hypertensives, additional kidney treatment or biopsy) [130].
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In patients transplanted after kidney failure caused by IgAN, prednisone significantly
decreased the serum levels of IgAl, Gd-IgAl, and IgA-1gG complexes during the first 6
months after engraftment [131]. In a French study of pediatric IgAVN, patients with ISKDC
class 2 histology (which best correlates with Oxford M1) had improved outcome if they had
been treated with corticosteroids [132].

Unlike IgAN, IgAVN can often be diagnosed with currently available laboratory data in the
right clinical context, obviating the need for a diagnostic biomarker. However, a biomarker
that would predict the development of nephritis in patients with IgAV would be very helpful.
In addition, prognostic/severity marker(s) could help determine the timing of kidney biopsy
and guide therapy.

Based on pathogenesis data available from IgAN, Allen et al. [133] investigated whether
Gd-1gAl was also involved in IgAV. Using a lectin-based assay in a cohort of adults and
children with IgAV, they found that abnormal glycosylation of serum 1gA1 was detected
only in those with kidney involvement [133]. The major limitation of this study was that

the serum Gd-IgA1l levels were not adjusted to total serum IgA which varies physiologically
across the age range and hence the contribution of galactose deficiency may have been
unrecognized in the IgAV group of children with nephritis who were much younger and
likely had lower serum total IgA levels [133].

Using a different lectin assay, Lau et al. showed no difference in serum Gd-1gAl levels
between IgAVN and IgAV in a cohort of adults and children; however, IgAV patients who
had persistent hematuria had higher serum levels of Gd-IgA1 than those in whom the
hematuria resolved with time [38]. Pillebout et al. [39] looked at a panel of serum and urine
biomarkers obtained at the time of IgAV diagnosis among 85 adults and 50 children. They
showed that patients with IgAVN had significantly higher levels of serum Gd-1gAl, as well
as higher urinary concentrations of IgA, IgG, IgM, IL-6, IL-8, IL-10, IgA-1gG complexes
and IgA-sCD89 complexes [39]. Urinary IgA and IgM assays performed best, with areas
under the curve of 0.86 and 0.87, respectively [39]. Subsequently, Berthelot et al. analyzed
more rigorously the value of these biomarkers in the subset of adult IgAV patients in this
same cohort. They found that, in addition to previously mentioned results, serum IgE as
well as urinary IgM, NGAL and IL-1p were significantly higher in the IgAVN compared
to IgAV group [134]. While all these biomarkers were associated with IgAVN at the time
of diagnosis, only a high urinary IgA level predicted a poor outcome in their multivariate
model [134].

A more recent lectin-independent ELISA for detection of Gd-IgA1 uses a monoclonal
antibody known as KM55 [135]. Using KM55, Wada et al. showed that serum Gd-IgAl
levels and presence of mesangial Gd-1gAl were identical among IgAN and IgAVN patients
[136]. However, a recent study concluded that immunostaining by KM55 was not specific
for primary IgAN [65]. The degree of galactose deficiency of the IgA1 hinge-region glycans
may distinguish patients with 1gAV from those who develop evidence of nephritis, with
serum levels of Gd-1gA1 significantly lower in the former group [42]. In addition, the

serum level of Gd-lIgA1-specific IgG autoantibody (which accounts for hit 2 of the proposed
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disease pathogenesis) was higher in IgAVN; patients without nephritis had autoantibody
levels comparable to those of healthy controls [42]. After EBV immortalization, peripheral
blood mononuclear cells from IgAVN and IgAN patients secreted 1gA1 that was similarly
galactose-deficient. The amount of Gd-IgA1 secreted was also higher than that secreted

by cells from IgAV patients without nephritis [42]. This finding was further supported

by the reduced expression of genes encoding glycosyltransferases (e.g., C1GalT1 and

its molecular chaperone Cosmc) in 1IgA1-producing cells from IgAVN patients. Gd-IgA1-
specific 1gG autoantibody production was also higher in EBV-immortalized cells from
IgAVN patients, particularly in those with active disease as evidenced by hematuria and
significant proteinuria [42]. These results suggest that serum levels of Gd-IgA1l and its
specific autoantibody could be used in the future to stratify patients at risk of developing
nephritis, and could serve to monitor for disease activity. Although results from studies
remain preliminary at this time, biomarkers promise to be a potential avenue for monitoring
response to interventions and thus may promote future therapeutic trials (Table 3).

Conclusion

The four-hit hypothesis may best explain the pathogenesis of both IgAN and IgAVN

with production of Gd-1gAl [24], generation of circulating 1gG autoantibodies specific

for Gd-l1gA1 [26-29], formation of pathogenic Gd-lgAl-containing immune complexes [26,
30-33], and the subsequent mesangial deposition of these immune complexes resulting in
glomerular injury. Genetic factors likely play a role in the pathogenesis of IgAV, as there are
ethnic and geographic differences in the incidence of IgAV [76, 77], familial segregation of
IgAV [18, 19], and genetic-association studies to suggest involvement of common variants.
However, there is currently no published large-scale GWAS for IgAV, although several
studies are ongoing in the United States and Europe.

Poor clinical outcomes, including kidney failure, have been shown in some series of
pediatric IgAVN cases [13, 86, 87]. Unfortunately, the use of surrogate outcome markers
and a lack of uniformity in the definition of risk factors across studies complicate the
interpretation of these studies. Chronic kidney disease at time of diagnosis, degree of
proteinuria, presence of hypertension, older age of onset, and female sex have all been
associated with loss of kidney function [104-105].

There is no widely validated and accepted pathological scoring system that fits with our
current understanding of the pathogenesis of IgAVN. The MEST-C Oxford classification
developed for IJAN may be validated and applied to IgAVN in the near future. This
classification scheme offers a better assessment of active versus chronic kidney lesions
and is an improvement over the older ISKDC classification. Biomarkers predicting the
development of nephritis in IgAV or associated with severity of nephritis in IgAVN would
be clinically useful. Serum Gd-1gA1 levels and Gd-l1gAl-specific 1gG autoantibody have
been associated with the development of nephritis in some studies and may be useful in
monitoring disease severity, based on preliminary studies.

Currently, there are no evidence-based guidelines for the treatment of IgAVN. The past few
years have witnessed an exponential increase in clinical trials to test novel treatments in
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adults with IgAN. Given the clear parallels in the pathogenesis of IgAN and IgAVN, these
therapeutics trials are likely to be extended to pediatric populations and to IgAVN cases in
the foreseeable future.
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Hit #1 Hit #2

Elevated circulatory Production of IgG
Gd-lgA1 autoantibodies

N\ /

Hit #3

Formation of IgG-Gd-lgA1-containing
circulating immune complexes

Hit #4

Mesangial deposition
and glomerular injury

Proliferation
ECM production
Cytokines
Growth factors

Cytokines

Fig. 1. Hypothesis for the pathogenesis of IgAN and 1gAVN
IgAN and IgAVN appear to share the same pathogenesis, i.e., aberrantly glycosylated

IgA1l (galactose-deficient in some hinge-region O-glycans; Gd-IgALl) is an autoantigen
recognized by IgG autoantibodies, resulting in the formation of circulating pathogenic
immune complexes. Some of these complexes, in turn, deposit in the kidney and induce
glomerular injury. Figure modified from [137], used with permission.
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Table 1.

Comparison of IgA nephropathy and IgA vasculitis with nephritis.

Page 24

Features

IgA Vasculitis with Nephritis (IgAVN)

IgA Nephropathy (IgAN)

+ Clinical Presentation

> Incidence (per million persons)

> Median Age at diagnosis (years)

>> Macroscopic hematuria

> Nephrotic-range proteinuria (UPCR 2 3 g/g)

> Extra-renal manifestations

> Immunosuppressive treatment

Children: 15-70
Adults: 4-13

12.7

Common, coincides with mucosal
infection

38%

Common (arthralgia, Gl vasculitis,
dermal leukocytoclastic vasculitis)

80%

Children: 5-50
Adults: 10-40

28.8

Less common

25%

Rare

54%

<« Histopathology
> Immunofluorescence
> Light microscopy

> Electron microscopy

Lambda = kappa light chains

Crescents and necrosis more common

More subendothelial immune deposits

Lambda > kappa light chains
Rare crescents

Rare glomerular capillary-loop
deposits

+» Pathogenesis
> Gd-IgAl (circulation)
> Gd-1gA1l antibody (circulation)

> Gd-IgAl-containing circulating immune complexes
(circulation)

> Complement activation (glomerular
immunodeposits)

High levels
High levels

Present. Complexes larger than in IgAV
and with IgG

Alternative and lectin pathways

High levels
High levels

Present. Complexes with 1gG

Alternative and lectin pathways

< Kidney Outcomes

> Clinical remission

98%

30-50%

> Gd-1gAl blood levels

Genome-wide association studies

IgAN and IgAVN can occur in same
family

Heritable trait

No studies to date. GIGA-kids study in
progress

> CKD5 Develops in 1 to 3% of children, with Develops in 20-40% of patients
higher risk if clinical onset in adulthood | within 20 years since diagnosis
> Transplantation Frequent Frequent
= IgA deposits in allograft 00 e
= |oss of allograft at 5 years 8% 10%
«» Genetics
> Familial clustering Rare 5% of family members can

have IgAN or hematuria. IgAN
and IgAVN can occur in same
family

Heritable trait

At least 20 susceptibility loci
associated with disease

Gd-IgAl, Galactose-deficient IgAL; GIGA-kids, Genomics of IgA-related disorders in kids; CKD 5, stage 5 chronic kidney disease.

S
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Table 2.

Updated Oxford MEST-C Classification of IgA Nephropathy.

Histological Feature

Score

Mesangial hypercellularity

MO: < 50% of glomeruli
M1: > 50% of glomeruli

Endocapillary hypercellularity E‘i 'lg\rt:zssigtt
Segmental glomerulosclerosis 22 Qr%iiﬂtt

Interstitial fibrosis and tubular atrophy | T1: 26-50% of cortical area

TO: 0-25% of cortical area

T2: > 50% of cortical area

Cellular or fibrocellular crescent C1: < 25% of glomeruli

CO0: Absent

C2: = 25% of glomeruli

Page 25

M: Mesangial hypercellularity; E: Endocapillary hypercellularity; S: Segmental glomerulosclerosis; T: Tubular atrophy/Interstitial fibrosis; C:
Cellular or fibrocellular crescents.
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