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Preface

I have studied IgA nephropathy for more than 40 years and have obtained several

findings in the fields of pathology, immunology, molecular biology, and experi-

mental pathology—all of which have shed much light on the mechanisms of

initiation, development, and progression of this disease. I have also undertaken

new treatments for patients and developed animal models for IgA nephropathy.

This book discusses the latest findings on the pathogeneses and treatment of IgA

nephropathy. It particularly focuses on recently recognized initiation and progres-

sion factors and varying treatment strategies in different regions such as Asia, the

EU, and the U.S.

Nearly 50 years have passed since Dr. Jean Berger first described primary IgA

nephropathy (“Nephropathy with mesangial IgA-IgG deposits”) as a new disease

entity. Immunohistopathologically, IgA nephropathy is characterized by the gran-

ular deposition of IgA (polymeric IgA1) and C3 in glomerular mesangial areas with

mesangial cell proliferation and the expansion of mesangial matrices. It is clear that

IgA nephropathy is one of the most common types of chronic glomerulonephritis in

the world. This disease may lead to end-stage kidney disease (ESKD), with its

enormous economic impact on healthcare everywhere. Efforts by many investiga-

tors around the world have gradually clarified various aspects of the pathogenesis

and treatment of IgA nephropathy.

It should be noted however, that there are many controversial strategies for the

treatment of patients with IgA nephropathy throughout the world, and there are

several limitations for treatment in each country. At present, the most important

therapeutics goal for patients with IgA nephropathy is the decrease of urinary

protein excretion. For example, it has been assumed that the removal of palatine

tonsillar tissues might reduce the production of polymeric IgA1 and decrease the

frequency of renal parenchymal injury resulting from episodes of macroscopic

hematuria and proteinuria. This volume provides nephrologists everywhere with

an overview and comparison of both global and regional findings in basic and

clinical fields in IgA nephropathy. It covers genetic variation, aberrant IgA1
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production, and classification, etiology, guidelines, and treatment goals, with each

chapter written by top international researchers.

Many thanks go to Professor Emeritus Toshikazu Shirai, Juntendo University,

Tokyo, Japan, who introduced me to the field of IgA nephropathy and first

suggested ways in which it could be studied in the laboratory; to many other

physicians who have continuously sustained me in my efforts over the years; to

the technicians, dieticians, and nurses who have performed so many of the exper-

iments or clinical tests; and to my many patients whose diseases have always

provided the most important of insights.

Finally, I wish to thank all of the authors for their contributions to this volume

and my family for the many hours of relaxation they provided when I was away

from my work.

Overlooking the Tokyo Metropolitan Building Yasuhiko Tomino

Tokyo, Japan

August 2015
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Overview

Yasuhiko Tomino

Division of Nephropathy, Department of Internal Medicine, Faculty of Medicine,

Juntendo University, Tokyo, Japan, (Present Address: Medical Corporation

SHOWAKAI, Tokyo, Japan)

Pathogenesis of IgA Nephropathy

IgA nephropathy is generally considered to be an immune-complex-mediated or

galactose-deficient polymerized IgA (Gd IgA1)-mediated glomerulonephritis.

Genetic factors are considered to be involved in the initiation and progression of

IgA nephropathy. It has been hypothesized that susceptibility genes for IgA

nephropathy can be detected by a genome-wide scan using a spontaneous animal

model, i.e., the ddY mouse strain. The peak marker D10MIT 86 on chromosome

10 is located on a region syntenic to human 6q22-23 with IGAN1, which is

responsible for familiar IgA nephropathy. Thus, it is important to determine the

pathogenesis of Gd IgA1 production and the occurrence of sporadic IgA

nephropathy.

There are several developmental and/or exacerbating factors in this disease.

Factors previously reported to be associated with disease progression include the

male sex, age, prolonged duration, nephrotic range proteinuria, hypertension,

glomerular sclerosis, and tubulointerstitial injury in patients with IgA nephropathy.

Other developmental and/or exacerbating factors for patients with IgA nephropathy

are: (1) complement activation, (2) blood coagulation activity and/or its inhibition

in plasma, (3) the activity of cytokines/growth factors, (4) the activity of reactive

oxygen species (ROS), (5) the activation of adhesion molecules, (6) apoptosis,

(7) podocyte loss (podocytopenia), and (8) the role of megalin. It is widely assumed

that glomerular mesangial cell proliferation and mesangial expansion represent

major pathological mechanisms in this disease using the animal models.

Treatment for IgA Nephropathy

Previous global approaches to drug therapy of IgA nephropathy have included anti-

platelet drugs, anticoagulants, prednisolone (PSL), immunosuppressants, fish oil,

renin angiotensin system (RAS) inhibitors (angiotensin-converting enzyme inhib-

itors, angiotensin II receptor blockers), and/or tonsillectomy. At present, the most
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important therapeutic goal in patients with IgA nephropathy is the control of

hypertension and the decrease of urinary protein excretion. Blood pressure of less

than 130/80 mmHg is the therapeutic target in patients with IgA nephropathy.

Patients with more or less normal renal function, with or without proteinuria or

hypertension, have been preferably treated with RAS inhibitors. Several investiga-

tors reported that RAS inhibitors reduce the levels of urinary protein excretion and

preserve renal function in patients with IgA nephropathy. Furthermore, RAS

inhibitors are recommended on the basis of their beneficial effects on the production

of cytokines and extracellular matrix (ECM) components, even when hypertension

is not present. RAS inhibitors are generally considered to have cardiac and renal

protective actions, and they may improve glomerular hypertension due to the

dilatation of efferent arterioles in the kidneys and also suppress glomerular sclero-

sis. The nonspecific therapeutic approach involves a reduction in the dietary intake

of protein in patients with IgA nephropathy who have developed renal failure.

Long-term dietary restriction is generally considered to reduce the levels of urinary

protein and ameliorate glomerular injuries in patients with IgA nephropathy.

The committees on IgA nephropathy locally and internationally have published

several clinical guidelines, including the KDIGO and Japanese guidelines, for the

diagnosis and treatment of patients with this disease. However, there are controver-

sies surrounding the treatment of this disease in many societies of nephrology. One

such controversy is the use of tonsillectomy, which has been applied in patients with

IgA nephropathy for two reasons, especially in Japan. First, tonsillar lymphocytes

from patients with IgA nephropathy have been found to produce more polymeric

IgA than healthy controls. It has been assumed that the removal of tonsillar tissues

might reduce the production of polymeric Gd IgA1. Second, tonsillitis is a frequent

precipitating event leading to macroscopic hematuria and proteinuria, frequent

glomerular crescent formation, acute tubular injury, and/or a reduction in glomerular

filtration rate (GFR). Therefore, tonsillectomy may reduce the frequency of renal

parenchymal damage resulting from episodes of macroscopic hematuria and pro-

teinuria. In Japan, it is suggested that tonsillectomy with steroid pulse therapy may

provide a rapid and good therapeutic outcome in IgA nephropathy patients who

show high expression of TLR9 in tonsillar plasmacytoid dendritic cells. Because

controversies continue to exist for the treatment of this disease, it is important to

develop new treatment strategies for this disease, such as bone marrow transplanta-

tion (BMT), using spontaneous animal models and then applying it to patients.

Because the treatment of IgA nephropathy is still controversial internationally,

several current topics of etiology and treatment amongst the various societies of

nephrology will be discussed in this book.
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Chapter 1

Is IgA Nephropathy a Single Disease?

Chee Kay Cheung and Jonathan Barratt

Abstract IgA nephropathy (IgAN) is the commonest pattern of primary glomer-

ular disease worldwide and a leading cause of chronic kidney disease (CKD) and

end-stage renal disease (ESRD). IgAN is simply defined by the presence of

dominant or codominant mesangial IgA deposits on renal biopsy. Although the

identification of mesangial IgA is straightforward, the consequences of this IgA

deposition are highly variable. It has been recognised for some time that there is

marked variability in the histopathological response to IgA deposition, and the

epidemiology, clinical presentation and outcomes, pathogenesis and genetic asso-

ciations are equally heterogeneous, raising the possibility that the ‘disease’ IgAN
may in fact encompass a disparate group of endophenotypes/diseases with

mesangial IgA deposition simply reflecting a final common end point. This chapter

will review the evidence presented later in this book and discuss whether our

traditional understanding of IgAN being a single disease, and the same disease in

all parts of the world, should be challenged in the coming years.

Keywords IgA nephropathy • Pathogenesis • Histology • Glomerulonephritis

1.1 What Is a Disease?

How do we define disease? There are three main philosophical approaches to

defining ‘health’ and ‘disease’ [1]. Naturalists use definitions based on scientific

theory. Their definitions attempt to highlight what is biologically natural and

normal for humans. Normativists believe that the use of ‘health’ and ‘disease’
reflect value judgements. Healthy states are those states we desire, and diseased

states are those states we want to avoid. Hybrid theorists define ‘health’ and

‘disease’ by combining aspects of naturalism and normativism. Not surprisingly,

currently used definitions range widely, are debated, and are on the whole unsatis-

factory. Defining disease as the opposite of health can prove equally difficult

[2]. For example, the World Health Organisation states that health is ‘a state of
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complete physical, mental and social well-being, not merely the absence of disease

or infirmity’ [3], and the opposite of this definition encompasses a broad range of

conditions.

The ‘disease’ IgAN was defined by Jean Berger, the Parisian pathologist who

published the first description of IgAN in 1968 [4]. Our current definition of IgAN

is simply based on the presence of dominant or codominant mesangial IgA deposits

on renal biopsy. We now, however, recognise that mesangial IgA deposition may be

seen in individuals with no overt signs of kidney disease and who would be

regarded by most clinicians as ‘healthy’. Whether mesangial IgA in the absence

of clinically evident kidney disease can be considered as IgAN remains an

unresolved issue.

A recurrent feature in this chapter is the disconnect between the pathological

definition of the ‘disease’ IgAN – the single finding of diffuse mesangial IgA

deposition – and the variations in clinical presentation and progression, variations

in renal histopathology (although defined, by mesangial IgA, a wide range of

glomerular and interstitial injury can ensue), variations in transplant recurrence

and variations in apparent geographical incidence. This disconnect raises the issue

of whether we should now move beyond a simple pathological definition for IgAN.

1.2 IgA Nephropathy: A Simple and Single Histological

Diagnosis?

No single International Classification of Diseases (ICD)-10 classification for IgAN

exists. The currently accepted definition, the presence of dominant or codominant

mesangial IgA immune deposits, appears at first glance a reliable, reproducible and

incontrovertible way to define IgAN. However, as already mentioned, mesangial

IgA deposition may occur in the absence of any other histopathologic or clinical

sign of disease. A number of studies have reported the prevalence of mesangial IgA

deposition in apparently ‘healthy’ individuals. From series in Europe and Asia,

4–10 % of consecutive autopsy cases had evidence of mesangial IgA deposition [5–

7]. A study from Japan found mesangial IgA deposition in 16 % of kidneys donated

from individuals previously assessed and deemed fit to donate [8]. A large propor-

tion of patients from these studies had no prior evidence of urinary abnormalities

and no impairment of renal function. Whether such patients should be labelled as

having a ‘disease’ on the basis of mesangial IgA deposition alone, in the absence of

any clinically evident abnormalities, is an interesting question to consider.

When mesangial IgA deposition is associated with clinically evident ‘disease’,
life does not become any simpler as mesangial IgA deposition is associated with a

striking variety of histological patterns, which in turn translate to highly variable

clinical phenotypes. The patterns of renal injury seen in IgAN include pathology

that resembles minimal change disease, proliferative disease with mesangial and

endocapillary hypercellularity, focal and segmental glomerulosclerosis, interstitial

4 C.K. Cheung and J. Barratt



fibrosis and tubular atrophy, crescentic glomerulonephritis with necrotising lesions

or any combination of the above. Unlike lupus nephritis, where a similar diverse

pattern of renal injury is seen, IgAN is not yet associated with serum biomarkers,

such as antinuclear antibodies, that give us confidence that what we are seeing in a

renal biopsy is the consequence of a single pathogenic process or ‘disease’.
Variability also exists in the type and distribution of immune deposits. IgA

deposition is usually mesangial, although capillary wall IgA deposits are present

in a subgroup of patients, where they are associated with greater mesangial and

endocapillary hypercellularity, and worse renal outcome [9–11]. IgG codeposition

is highly variable and has been reported to occur in anywhere between 15 % and

85 % of renal biopsies in IgAN and has been variably reported as an independent

risk factor for worse renal outcome [9, 12]. The complement component C3 is

found in over 90 % of cases, and components of the alternative pathway of

complement activation properdin and Factor H are often but not invariably found

[9]. In a study of renal biopsies from 60 patients with IgAN, only one quarter had

evidence of complement activation via the lectin pathway, with mannose-binding

lectin (MBL), L-ficolin, MBL-associated serine proteases (MASP) and C4d

mesangial deposition. This subgroup of cases was associated with worse histolog-

ical damage and greater proteinuria [13].

It is unclear why there should be such striking differences between patients with

regard to IgG and complement component codeposition if a single pathogenic

pathway is activated. By comparison, in primary membranous nephropathy,

where we now have a much better understanding of the disease with the discovery

of M-type phospholipase A2 receptor (PLA2R) autoantibodies defining a single

pathogenic pathway in the majority of patients, immunofluorescence for IgG, IgG4

and C3 is uniformly positive and evenly distributed throughout glomeruli. The

variability seen in IgAN might therefore reflect activity in different pathogenic

pathways, and while the final end point of these pathways is mesangial IgA

deposition, these different ‘disease’ processes may require very different thera-

peutic interventions.

1.3 Is IgA Nephropathy the Same Disease in Different Parts

of the World?

IgAN displays remarkable variation both regionally and globally, in terms of its

prevalence, and clinical course. The reported prevalence of IgAN accounts for

approximately 40 % of all native kidney biopsies performed in Japan, 25 % in

Europe, 12 % in the USA, and less than 5 % in Central Africa (Fig. 1.1) [14].

Some of this variability can be attributable to differences in clinical practice and

thresholds for renal biopsy. For example, in countries where screening programmes

for urinary abnormalities exist, more patients will be identified, who may then

proceed to having a renal biopsy. A correlation between the number of renal

1 Is IgA Nephropathy a Single Disease? 5



biopsies performed per country and the incidence of primary glomerulonephritis

and IgAN has been observed (Fig. 1.2) [15]. The same study also showed that

between two centres in Scotland, located only 100 km apart, there was a 70 %

difference in the incidence of IgAN, which was associated with a marked increase

in the number of renal biopsies performed per year in one of the centres [15]. This

implies that increasing the range of people subjected to renal biopsy, presumable

for minor urinary abnormalities, will increase the identification of IgAN.

However, data from migrant populations suggest that true variations in suscep-

tibility exist between people of different ethnicities. In Australia, East and South-

east Asian-born patients have higher rates of IgAN accounting for ESRD compared

to those born in the Middle East, Southern Europe or Australia [16]. In the USA,

patients of an Asian or Pacific Island ethnicity have higher rates of IgAN than other

glomerular diseases [17], whereas IgAN is much less common in African-

Americans than in other ethnic groups [7].

As well as overall prevalence, marked variation in gender distribution also exists

in IgAN. In North American and European cohorts, a male to female predominance

is reported, with the ratio being 2–3:1, whereas in Asia this approximates 1:1 [18–

20]. These differences in incidence and gender bias do suggest that the ‘disease’
IgAN may be behaving very differently across the globe. It is likely that both

genetic and environmental factors play contributory roles in the differences

Fig. 1.1 Geographical variations in the prevalence of IgAN. Percentages represent the proportion

of cases of IgAN compared to all native kidney biopsies performed. The numbers in brackets

represent minority racial groups, African-Americans in the USA and Polynesians in New Zealand

(From Feehally and Floege [14])
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observed, although the relative importance of each is likely to vary in different

populations. Emerging evidence supports an increasing gradient in currently under-

stood risk alleles from West to East, from Africa [21]. Whether this constitutes

different diseases in the West and East is open to debate.

In parallel, a number of studies have reported the importance of environmental

factors in determining the prevalence of IgAN, although not all populations appear

equally susceptible. Perhaps the best example of varying susceptibility to environ-

mental antigens in IgAN is the subgroup of patients with IgAN who develop flares

of nephritis, demonstrated by visible haematuria, in conjunction with stimulation of

the mucosal immune system, for example, during an upper respiratory tract infec-

tion. There is also a well-described subgroup of patients where IgAN and coeliac

disease overlap and where gluten avoidance leads to a reduction in severity of renal

disease [22, 23]. Interestingly, a recent GWAS meta-analysis identified suscepti-

bility loci for IgAN that are also related to inflammatory bowel disease and

maintenance of the intestinal epithelial barrier [24]. On a global scale it has been

suggested that an inverse relationship exists between IgAN and membranoproli-

ferative disease, with IgAN being more prevalent in countries with a higher gross

domestic product [25]. By contrast, a study from Scotland showed a higher number

of renal biopsies were performed in patients from areas of socioeconomic depriva-

tion, and of these patients, a higher proportion were diagnosed with IgAN

[26]. Although most studies have reported a low prevalence of IgAN in African-

Americans [14, 27], two studies conducted in specific regions of the USA found

equivalent prevalence, leading some to suggest that environmental factors may

have played a role [28, 29].

At present the exact role for environmental factors in IgAN has not been fully

established, although there do certainly appear to be differences both across and

within populations in terms of responsiveness to environmental triggers. This

heterogeneity lends further support to the argument that IgAN may not be the

same disease in all parts of the world. Importantly, these differences may have a

direct impact on how we manage patients diagnosed with IgAN. Patients with IgAN

in association with gluten-sensitive enteropathy are likely to respond to a simple

Fig. 1.2 Reported rates of

biopsy incidence per

million population (PMP) in

published studies from

national (closed squares)
and regional (open squares)
native renal biopsy

registries. Renal biopsy

incidence appears to

correlate with the incidence

of primary

glomerulonephritis and

IgAN (From McQuarrie

et al. [15])
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antigen exclusion diet and not require immunosuppression, whereas most patients

with IgAN will gain no benefit from such a change and will require more tailored

therapy.

1.4 The Clinical Presentation of IgA Nephropathy Is

Highly Variable

Patients with IgAN can present with the full spectrum of nephrological presenta-

tions from asymptomatic urine abnormalities through to malignant hypertension,

nephrotic syndrome or a rapidly progressive glomerulonephritis. This is perhaps not

surprising given the wide variety of histopathological changes that can be seen in

association with mesangial IgA deposition. In part these differences in presentation

may reflect differences in an individual’s willingness to access healthcare promptly,

local public health screening strategies, different renal biopsy policies and differing

access to specialist renal services. These factors do not, however, explain all the

variation seen in patients presenting with IgAN. Within individual centres, such as

our own in Leicester, UK, which has a single biopsy policy, serves a relatively

homogeneous population and where there is universal primary care coverage,

mesangial IgA deposition can present after detection of non-visible haematuria,

with episodes of visible haematuria and normal renal function, as a rapidly pro-

gressive glomerulonephritis and as nephrotic syndrome. In each of these cases, the

pattern and extent of mesangial IgA staining will be almost identical. Clearly,

different pathogenic pathways are operating in these patients that require very

different therapeutic interventions and have very different implications for long-

term renal survival. Do these patients have the same disease?

Furthermore, accepting that there are external factors that may influence the

mode of presentation of patients with IgAN, there do also appear to be global

differences in the way patients with IgAN present. In a study of 711 adult patients

with biopsy-proven IgAN from Glasgow, Helsinki, Sydney and Toronto, there were

significant variations in age, proteinuria, mean arterial blood pressure and creati-

nine clearance at presentation between centres [30]. Patients from Helsinki had

relatively milder disease at presentation, while patients from Glasgow and Toronto

were slightly older at presentation, and there was a higher male-female ratio in

Glasgow than other centres. In a separate study of 152 Asian patients from Canada

and 76 Thai patients with IgAN, Thai patients were more likely to be female (63.2

vs. 44.1 %) and have less baseline proteinuria (1.2 vs. 1.7 g/day) at time of first

presentation [31]. By contrast, in a study from India of 478 patients with IgAN, the

mean age at presentation was 32 (�11) years, with a predominance of males (65 %)

[32]. Patients presented with a much more severe clinical phenotype: nephrotic

syndrome (55 %), hypertension (58 %), renal failure (serum creatinine >125 μmol/

L in 56 %) and acute nephritis (28 %). Very few patients presented with asymp-

tomatic urine abnormalities (5 %). The mean serum creatinine and 24 h urine

protein were 205 μmol/L and 2.9 g/day, respectively.

8 C.K. Cheung and J. Barratt



The differences seen both within centres and across the globe in the way patients

present, all of whom have almost identical patterns of mesangial IgA deposition,

suggest that labelling all of these patients as having a single disease may be

oversimplifying a complex group of nephrological conditions with very different

natural histories.

1.5 The Clinical Course of IgA Nephropathy Varies Widely

Not only is there significant heterogeneity in the way patients with mesangial IgA

deposition present to their clinician, but there is also enormous variation, both

within and across populations, in the likelihood that this mesangial IgA deposition

will be associated with progressive glomerular and tubulointerstitial injury and

chronic kidney disease. Interestingly, clinical outcomes in IgAN do not correlate

with the severity of mesangial IgA deposition, the defining feature of IgAN [33].

Spontaneous remission has been reported in a subgroup of patients with IgAN,

and when a repeat biopsy has been performed, resolution of urinary abnormalities is

associated with clearance of IgA immune deposits [34]. Equally most studies report

that 20–30 % of patients with IgAN develop slowly progressive chronic kidney

disease leading to ESRD over a period of 20 years [35]. Rates of progression have

been shown to differ both within and between different ethnic groups, although

accurate comparisons across populations have been difficult as most published data

is retrospective and observational and may, therefore, be confounded by differences

in the identification and management of patients. One additional difficulty in

interpreting this type of data is the potential impact of lead-time bias (Fig. 1.3).

In centres with a proactive urine screening policy, clinical presentation, renal

Fig. 1.3 The concept of lead-time bias. Three hypothetical patients with IgAN who have an

identical clinical course are depicted. Marked differences in their prognosis are observed

depending on when their disease is identified (From Geddes et al. [30])

1 Is IgA Nephropathy a Single Disease? 9



biopsy and diagnosis are likely to be at an early stage of the disease and conse-

quently prognosis is likely be better than that reported from a centre that only

biopsies and diagnoses patients at a late stage of the disease. This is also a factor

when comparing centres who have different renal biopsy policies and patient

groups, who have differing access to specialist renal services.

While some studies in Asia have reported equivalent outcomes in IgAN cohorts

to those in Western populations, this is not uniformly the case [19, 36]. Outcomes in

478 Indian patients from Vellore were significantly worse than those of European

cohorts with a median renal survival of only 61 months from time of renal biopsy

[32]. A recent study from Canada prospectively followed a multiracial cohort and,

after adjusting for age, gender, eGFR, medication use, blood pressure and protein-

uria, found that prognosis was worse in patients with IgAN of self-reported Pacific

Asian origin compared to patients of all other backgrounds [37].

Traditionally patients with isolated non-visible haematuria, without proteinuria

or renal dysfunction, are thought to have an excellent prognosis. Indeed, in a recent

study from Spain, which included 141 Caucasian IgAN patients with non-visible

haematuria, absent or minimal proteinuria, and no renal dysfunction, followed up

for a median of 9 years, a rise in serum creatinine >50 % was observed in only

3.5 % of patients. Furthermore, 37 % of patients had complete resolution of their

urinary abnormalities [38]. By contrast, in a series of 72 Chinese IgAN patients with

non-visible haematuria, proteinuria <0.4 g/day and normal eGFR, 33 % developed

proteinuria >1 g/day and 7 % developed impaired renal function (creatinine

clearance <70 ml/min) during follow-up for up to 12 years. Only 14 % had

complete resolution of their haematuria and had stable kidney function over this

period [39].

If IgAN is a single disease, why do we see such varied clinical outcomes when

the defining feature of mesangial IgA deposition is uniformly seen in all patients?

Whether there are true global differences in clinical outcomes in IgAN is difficult to

ascertain from current data due to the confounding effects of factors known to

influence progression of chronic kidney disease irrespective of cause: socio-

economic status, differences in predisposing genetic backgrounds, prenatal and

perinatal care and experiences, including low birth weight, inadequate diets, infec-

tious diseases or exposure to toxins. Where it has been possible to correct as much

as possible for these confounders, there does appear to be a difference both in the

likelihood of spontaneous remission and the risk of developing progressive renal

injury in different parts of the world. How this translates to different disease

pathways in IgAN is unclear but should be the focus of future studies.
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1.6 Differences in the Rates of IgA Nephropathy

Recurrence in Renal Allografts

Recurrent mesangial IgA deposition in renal allografts occurs frequently, but not

uniformly, in published IgAN series. Retrospective observational studies, where

biopsies were performed due to allograft dysfunction, report recurrent IgA deposi-

tion in anywhere between 21 and 58 % of recipients [40]. It is clear not all patients

with IgAN develop recurrent IgA deposits, and perhaps more interestingly, while

recurrent IgA deposition is common, allograft failure due to recurrent disease

occurs far less frequently [41]. The risk of allograft loss is greatest in younger

recipients and the subgroup of patients who had an aggressive original disease

course, e.g. crescentic glomerulonephritis [42]. A recent study from Japan of

29 IgAN transplant recipients with >10 years post-transplant follow-up and no

urinary abnormalities showed that 11 of these patients had recurrent mesangial IgA

deposition with no evidence of allograft dysfunction [43]. Compared to the

18 patients with no mesangial IgA recurrence, there were no significant differences

in either histopathology or long-term allograft function between the groups.

The heterogeneity in rates of mesangial IgA deposition and translation of this

deposition to allograft dysfunction reflect the varied picture we see in native

kidneys. However, when reviewing the data on recurrence of IgAN post-transplant,

it is impossible to remove the confounding effects of concomitant immunosuppres-

sion. Again, as in native kidneys, there appears to be little correlation between the

pattern of mesangial IgA deposition in recurrent IgAN and the risk of allograft loss.

It is possible, therefore, that these variations reflect underlying differences in

disease processes in individual recipients and the varied susceptibility of these

disease processes to the immunosuppression regimen used.

1.7 Do Differences in Treatment Responses Reflect

Different Underlying Diseases?

When examining the response to pharmacological intervention in any disease, a

number of factors will invariably affect the efficacy of that treatment. Drug

absorption, metabolism and elimination vary and can be influenced by genetic

polymorphisms (pharmacogenetics), age, body size, the use of other drugs, dietary

supplements and medicinal herbs, the presence of other diseases and development

of tolerance and resistance. There are also well-recognised ethnic differences in

drug responses, perhaps the most well known being the differences in response

between β-blockers and ACE inhibitors in hypertension [44]. Interpreting the

significance of treatment effects from clinical trials in IgAN is further confounded

by the different inclusion and exclusion criteria employed, the different treatment

regimens used and variable endpoints chosen.
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Accepting these relatively ‘fixed’ confounding factors, there is still marked

heterogeneity in the response of patients with IgAN to a variety of immunomodu-

latory therapies. This variation in response could reflect underlying differences in

the biochemical pathways operating in different subgroups of patients which are

variably sensitive to the drug being studied. For example, the data supporting the

use of corticosteroids in IgAN is mixed, and even in those studies reporting a

beneficial effect of corticosteroids, the response to steroids varies greatly between

trial participants, even though all met the same inclusion and exclusion criteria for

the respective trial. The same is seen in trials of other immunosuppressants includ-

ing azathioprine, mycophenolate mofetil (MMF) and cyclophosphamide. Perhaps

more striking is the apparent variation in response to treatments in IgAN in different

ethnic groups. Clinical trials of MMF suggest there is no benefit from MMF in

Caucasian populations, while a beneficial effect has been observed in Chinese

patients [45–48]. Tonsillectomy, a commonly used treatment in Japan, is believed

to have a significant disease-modifying effect in Japanese patients; however, this is

not the case in Caucasian patients [49–52].

With advances in pharmacogenetics and an improvement in clinical trial design

in IgAN, it may be possible in the coming years to better understand the response to

treatment in IgAN and identify subgroups of patients who may have discreet

diseases and are more or less likely to respond to specific immune modulation

strategies.

1.8 Does Our Knowledge of IgAN Pathogenesis Support

IgA Nephropathy Being a Single Disease?

There is now convincing evidence that the production of poorly galactosylated

IgA1 and O-glycan-specific IgG and IgA autoantibodies can lead to the formation

of IgA-containing immune complexes and that these immune complexes deposit

within the mesangium, where their consequent effects on mesangial cells,

podocytes and proximal tubule cells are central to the development of IgAN

[53]. Elevated levels of poorly galactosylated IgA1 and IgG and IgA autoantibodies

against the IgA1 hinge region O-glycans are, however, only found in some, and not

all, patients with IgAN. Elevated levels of total serum IgA, complement component

C3 and other markers of alternative pathway activation may also be seen in some

IgAN patients. Unlike other kidney diseases such as SLE (antinuclear antibodies),

antiglomerular basement membrane (GBM) disease (anti-GBM autoantibodies),

pauci-immune vasculitis (antineutrophil cytoplasmic antibodies) and primary

membranous nephropathy (PLA2R autoantibodies), IgAN is not associated with a

consistent serological profile. This may simply reflect the fact we have not yet made

the necessary discoveries. Alternatively, it may be that we are not dealing with a

simple, single disease with a predictable single serological phenotype.
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The most consistently reported serological abnormality in IgAN is the increase

in poorly galactosylated IgA1 in IgAN [54]. However, if you look at the distribution

of IgA1 O-glycoforms in any of the reported case series from across the globe,

including our own, you will see marked variation in the extent of serum IgA1

O-glycosylation in IgAN, with significant overlap between patients with IgAN and

healthy subjects (Fig. 1.4). This suggests that serum IgA1 O-glycosylation may be

pathogenically unimportant in some cases of IgAN. In the more recent studies

reporting the existence of IgG and IgA hinge region-specific autoantibodies, it is

clear that these are not universally found in IgAN [55]. Alternative mechanisms for

immune complex formation may therefore operate in different patient groups. It has

been proposed that there is a subgroup of patients who develop IgA immune

complexes as a consequence of soluble CD89 shedding from circulating myeloid

cells and that in these patients CD89 is essential for mesangial cell activation by

deposited IgA immune complexes [56]. We have already discussed a further

subgroup of patients with gluten-sensitive enteropathy, where the pathway to

mesangial IgA deposition is likely to be different again. How these different

pathogenic pathways correlate with the clinical phenotype is unclear at present.

Finally, data from genetic studies is also beginning to help define potential

pathogenic pathways and important disease-associated allelic variants in IgAN.

While there are genetic associations common to all published studies, principally

genetic variants in the HLA gene family, there is clear disparity in associations with

Fig. 1.4 Serum levels of

galactose-deficient IgA in

IgAN patients and healthy

controls. Although the

majority of patients display

a higher serum galactose-

deficient IgA level

compared to the healthy

controls, approximately one

quarter had levels that

overlapped, suggesting that

other susceptibility factors

play a role in the

development of IgAN

(From Moldoveanu

et al. [54])
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other genetic loci. For example, associations between IgAN and variants of the

angiotensin converting enzyme, TAP1/PSMB (transporters associated with antigen

processing 1/proteosomal subunit) and DEFA (α-defensin) genes have only been

reported in Asian but not inWestern patients [57–59]. By contrast, the familial form

of IgAN has been more frequently reported in Europe than in Asia, and within

Europe, familial IgAN is more evident in Southern than in Northern populations

[21, 60]. These genetic observations raise the possibility of involvement of different

genes in the pathogenesis of IgAN in different parts of the world. In time we may be

able to use this information to redefine IgAN on the basis of clear genotypic variants

rather than on the basis of a generic renal biopsy appearance.

Current concepts of the pathogenesis of IgAN are discussed extensively in this

book. We would argue strongly that the data presented in the following chapters

supports the existence of multiple pathogenic pathways. These pathways operate, to

variable extents, in different IgAN patients, but that ultimately all of them lead to a

final common end point of mesangial IgA deposition. Currently we are using the

umbrella of a diagnosis of IgAN to encompass all of these patients. In the future

hopefully we will be able to link each of these pathogenic pathways to a specific

disease genotype/phenotype and produce a tailored treatment paradigm and thereby

fully embrace the era of ‘personalised medicine’ in IgAN.

1.9 Conclusion

In this chapter we have been deliberately provocative in the way we have

interpreted the existing literature on IgAN. No matter whether you believe IgAN

is or is not a single disease, it is hard to get away from the fact that IgAN is highly

heterogeneous with marked genotypic and phenotypic variation. Until we have a

clear serological marker akin to antinuclear or PLA2R autoantibodies, confirming a

unifying pathogenic pathway, we will be continually confronted with the argument

that mesangial IgA deposition alone is a poor way to define this complex

nephrological disorder.
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Chapter 2

Advances in Genetics of Immunoglobulin A

Nephropathy

Hong Zhang, Riccardo Magistroni, and Ali Gharavi

Abstract Familial aggregation of IgA nephropathy (IgAN) and variation in pre-

valence among different ethnicities indicate inherited factors contribute to disease

pathogenesis. Studies have also shown that IgAN patients also have an inherited

defect in O-glycosylation of IgA1. Recent genome-wide association studies

(GWASs) have begun to elucidate genetic factors underlying the development of

IgAN. These studies have demonstrated a strong association with MHC loci,

highlighting an autoimmune component to disease. In addition, GWASs have

identified loci involving the complement system (CFHR1/3 and ITGAM-ITGAX
loci), the regulation of mucosal IgA production (TNFSF13 and LIF/OSM loci),

innate immunity (DEFA, CARD9, ITGAM-ITGAX, VAV3, and ST6GAL1 loci),

inflammatory response (KLF10 and UBR5), and epithelial cell polarization

(ACCS). Many of the loci have been implicated in other immune-mediated and

inflammatory diseases, highlighting shared pathogenesis with IgAN. The IgAN risk

allele frequencies also strongly parallel the known geoepidemiology of disease and

are also correlated with local pathogen diversity. These findings have helped

develop a pathogenesis model and molecular candidates for disease. Analysis of

larger cohorts and application of next-generation sequencing technologies are

expected to identify additional genes that can further resolve pathogenesis.

Keywords Genome-wide association study • IgA glycosylation • HLA • Mucosal

immunity
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2.1 Introduction

IgA nephropathy (IgAN) is the most common form of primary glomerulonephritis,

primarily affecting young adult subjects. IgAN has highly variable clinical and

pathological features and causes renal failure in 20–40 % of patients in about

20 years [1, 2]. Remaining patients have persistent hematuria or proteinuria, and

only a minority enters sustained clinical remission. The prognosis is also highly

variable and the long-term outcome is difficult to predict in individual patients.

Recurrence of the disease following kidney transplantation suggested that the

primary pathogenic defect in IgAN may be of extrarenal origin, and this notion

has been corroborated by the identification of altered IgA1 glycosylation and

production of autoantibodies against underglycosylated IgA1 as a pathogenic

determinant.

A pathogenic model for IgAN relying on a multi-hit process has been previously

proposed [3]. According to this model, a series of sequential events lead to the

development of the disease: the first hit consists of a deficiency in O-linked

galactose in the hinge region of the IgA1 heavy chains, an abnormality that has

been amply confirmed by converging experimental and clinical data [4]. Neverthe-

less this is not sufficient to induce the disease, and a second hit involving the

production of autoantibodies directed against the undergalactosylated IgA is

required [5–8]. Furthermore the formation and deposition of these immune com-

plexes on mesangial cells constitute the third hit, and finally the inflammatory

response leading to mesangial proliferation, deposition of extracellular matrix,

and progression toward a fibrotic lesion is the final hit. Newer insights arising

from recent genome-wide association studies (GWASs) contributed to the refine-

ment of this model and have suggested candidate genes.

2.2 The History of Genetic Studies in IgA Nephropathy

Only few years after the first description of IgAN by Jean Berger in 1968 [9],

familial aggregation was detected, arguing a genetic predisposition to this condition

[10, 11]. Subsequently, multiple studies have recognized familial aggregation of

IgAN and multiplex families with multiple affected individuals were reported [12–

15]. In studies that performed systematic urinary analysis of family members,

relatives of patients affected by IgAN also displayed a higher risk of urinary

abnormalities, suggesting they are also affected [16]. Abnormalities in cytokine

production among family members were also reported, suggesting an inherited

dysregulation of immune response [16, 17]. Subsequent studies have also shown

that relatives produce higher levels of galactose-deficient IgA1, further suggesting a

shared molecular defect [18–20]. Finally, many pioneering studies described a

potential link between IgAN and HLA system, an association recently confirmed

in detail by GWASs [21–25].
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2.2.1 Candidate Gene Studies

The candidate gene strategy is based on a priori hypotheses regarding the involve-

ment of a specific gene or pathway, formulated from available scientific evidence

about disease pathogenesis. There is an abundant literature based on this approach,

with over 120 publications in IgAN research [26–148]. However, as with candidate

gene studies in other fields, the replication of results has been largely disappointing

[149]. Many factors contributed to the low reliability of this approach, first of all

because the pathogenic mechanism of IgAN is largely unknown, complicating the

formulation of a correct a priori hypothesis. Furthermore most candidate studies

were underpowered, and older studies rarely sought to replicate findings in inde-

pendent cohorts, contributing a high rate of false-positive (theoretically of false-

negative as well, but this is partially concealed by publication bias). Additional

limitations included population heterogeneity (ethnicity differences), small sample

size, suboptimal matching between cases and controls. The case of the angiotensin-

converting enzyme (ACE) gene insertion/deletion polymorphism illustrates these

issues very well, with a large number of positive associations reported [40, 43, 50,

53, 150–153]. However, none of the unbiased GWASs conducted to date have

detected a significant association at this locus.

2.2.2 Linkage Studies

Multiplex IgAN families have been described shortly after the first description of

IgAN. In general, reported IgAN families are small, typically including one to three

biopsy documented cases; additional family members were classified as affected

based on clinical criteria if they had hematuria, proteinuria, or impaired renal

function. The mode of inheritance was most consistent with autosomal dominant

disease with incomplete penetrance, suggesting that genes could be mapped via

linkage and positional cloning approaches. Such studies involve a genome-wide

search for chromosomal segments that segregate with disease in families, followed

by sequencing of positional candidates to detect mutations. This approach was

extremely successful for monogenic disorders such as polycystic kidney disease but

found limited success for complex traits such as IgAN. A major challenge of these

studies is the high genetic heterogeneity of IgAN (i.e., different genes account for

disease in different families). Nonetheless, the first application of genome-wide

linkage analysis to IgAN in 30 families [154] identified the significant linkage peak

on chromosome 6p22–23 under a model of autosomal dominant inheritance with

genetic heterogeneity. This established genetic contribution to disease and

highlighted the issue of genetic heterogeneity. In 2007 the European IgAN Con-

sortium published their results on 22 Italian families, replicating linkage to

Chr 6q22–23 and reporting additional suggestive peaks in regions 4q26–31

and 17q12–22 [155]. Subsequently another linkage study on a large Canadian
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four-generation family provided another suggestive locus in the COL4A3/COL4A4

region of chromosome 2q36 [156]. Because families were small and linkage

intervals were sizable, the genes were not amenable to the systematic cloning and

sequencing used in traditional positional cloning approaches. Hence none of the

genes underlying linkage intervals have been identified. In conclusion the linkage

approach suffered from reduced power caused by genetic heterogeneity, small

pedigree size, and inability to conclusively classify affected and unaffected indi-

viduals based on urinary screening alone. It is expected that the application of next-

generation sequencing (whole genome or exome) could identify causal genetic

variants for familial IgAN.

2.2.3 GWAS High-Density Genotyping Studies

With progress in genome-wide genotyping technology, GWAS became feasible for

analysis of sporadic forms of complex traits. A GWAS is an unbiased approach that

explores the association between a disease trait and a large number of single

nucleotide polymorphisms (SNPs) across the entire genome. Because of the exten-

sive linkage disequilibrium (LD) across the genome (the nonrandom association

between alleles), GWAS allows detection of SNPs that are in LD with causal

variants. Because SNPs for GWAS are selected to be relatively common, they

pinpoint loci that are relatively common in the population. Usually

500,000–5,000,000 common SNPs are sufficient to provide adequate coverage of

the genome and nowadays, ungenotyped SNPs can be imputed based on reference

genome data. GWAS has successfully detected common variants associated with

complex traits of common diseases such as heart disease, diabetes, autoimmune

diseases, psychiatric disorders, and renal diseases (referenced in the NHGRI

GWAS catalog). However, the inherent limitations of GWAS include the ability

to detect only common SNPs (frequency >1–5 %), which typically exhibit rela-

tively small effects. A consequence of their partial ability to capture all genetic

information, GWAS loci tend to explain only a relatively small proportion of

disease heritability [157]. Nonetheless, the GWAS data have been very informative

about disease pathogenesis and disease architecture.

To date, GWAS has been successfully applied to IgAN in five large-scale studies

[21–25]. Cumulatively, the 18 new and replicated GWAS loci reported in these

studies explain approximately 6–8 % of the overall disease risk [24]. The first study

[21] was performed in a single Caucasian cohort and readily detected association

with MHC region, which is the strongest genetic association with IgAN and has

been consistently replicated in all the studies. The subsequent studies [22, 23]

performed in population of Han Chinese and European ancestry progressively

expanded the size of the population analyzed. Finally, one GWAS [25] has

expanded the control population of the previous study [23] to increase power and

applied an imputation approach to the dataset with genotypes of 3,731,832 SNPs.
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They showed novel associations at three genes: ST6GAL1 on 3q27.3, ACCS on

11p11.2, and ODF1-KLF10 on 8q22.

2.3 The New Insight of Pathogenesis in IgA Nephropathy

Based on the Genetic Studies

Altogether the GWAS identified intervals implicating MHC class I and class II

response (MHC region), the complement system (CFHR1/3 and ITGAM-ITGAX
loci), the regulation of mucosal IgA production (TNFSF13 and LIF/OSM loci),

innate immunity (DEFA, CARD9, ITGAM-ITGAX, VAV3, and ST6GAL1 loci),

inflammatory response (KLF10 andUBR5), and epithelial cell polarization (ACCS).

2.3.1 Associations with IgA Nephropathy in the MHC

Region

All five GWASs of IgAN identified strong signals with genome-wide significance

within the MHC region. An association with MHC was reported very early with

IgAN [10, 11]; however the findings were initially not reproducible because of the

relatively small effect imparted by MHC alleles on IgAN, small sample size, and

the fact that the lower resolution of classical genotyping methods could not fully

capture the complex variation at MHC locus. The MHC locus is characterized by a

significant amount of LD across a large region (LD extends more than 2 Mb in

specific regions) [158]. Such LD poses an important obstacle in MHC research,

making it difficult to detect functional alleles.

However, all GWASs conducted to date have identified significant associations

within the MHCregion. In addition, two studies performed detailed conditional

analyses of the intervals and identified three distinct regions that implicated both

class I (the TAP1/TAP2/PSMB8/PSMB9 locus) and class II (the HLA-DQB1,
DQA1, and DRB1 loci and the HLA-DPB2, DPB1, and DPA1 loci) immune

mechanisms. Moreover, the conditional analyses also detected multiple indepen-

dent alleles, indicating the presence of both risk and protective variants within each

interval.

Nonetheless, by applying imputation four independent classical HLA alleles

were associated with IgAN: two risk alleles (DOA1*0101, DQB1*0301) and two

protective alleles (DQA1*0102, DQB1*0201) [24] that may be responsible for the

association at the HLA-DQB1, DQA1, andDRB1 loci. The identity of the functional
alleles at the other MHC intervals is not clear, but prior data has implicated

dysregulated expression of PSMB8 in IgAN patients, suggesting that variants in

this gene may be driving the association in the second MHC interval [159]. Sys-

tematic sequencing and fine mapping of this region in large population will identify

the full spectrum of functional variants driving the association signals in this region.
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2.3.2 Associations with IgA Nephropathy in the
Non-MHC Loci

In addition to theMHC system, GWAS identified loci associated to the complement

system, the regulation of mucosal IgA production and innate immunity against

pathogens.

2.3.2.1 The Complement System

After mesangial IgA deposition, glomerular inflammation is enhanced by the

activation of the complement system; this is documented by C3 glomerular staining

that is a common feature of the pathology of IgAN cases [160–162] with a

frequency of over 90–95 % of biopsies. Schematically, complement activation is

usually grouped in three distinct pathways that converge on C3 activation: the

classical, the lectin, and the alternative pathway. The presence of C3 with absence

of C1q deposition in IgAN is consistent with activation of either the lectin or the

alternative pathway of the complement. Lectin pathway activation is further

suggested by glomerular staining for C4d that can be found in approximately

40 % of IgAN biopsies [163]. Moreover, mesangial deposition of mannose-binding

lectin (MBL) is reported in 25 % of IgAN biopsies. However, the GWAS findings

only provided evidence for dysregulation of the alternative complement pathway.

Significant association was detected in the CFH locus, and this variant is in LD with

a common deletion in factor H-related genes 1 and 3 (CFHR3,1-del). CFHR3,1-del
is the functional allele at this interval and provides additive protection from IgAN

[22, 24, 164]. Moreover, the CFHR3,1-del results in the absence of CFHR1 protein,
which was recently shown to function as a competitive antagonist of CFH

[165, 166]. Recent data suggests that CFHR3,1-del is associated with more effec-

tive FH-mediated inhibition of C3 and lower levels of complement activation split

products. Higher FH levels are also positively associated with circulating C3 and

negatively correlated with mesangial C3 deposition [167].

Interestingly, the same SNP at the CFH locus is protective for age-related

macular degeneration, the most frequent cause of visual impairment in the elderly

population. This is a common cause of retinal disease characterized by increased

local activity of the alternative pathway [168]. In contrast, CFHR3,1-del has been
associated with increased risk of systemic lupus erythematosus (SLE) and atypical

hemolytic uremic syndrome [169, 170]. Finally, the same deletion is also associated

to the development of autoantibodies directed against the CFH and acting as

inhibitor of this complement regulator [171]. To date, anti-CFH autoantibodies in

IgAN cases have not been reported. Overall the mechanisms underlying these

opposed pleiotropic effects of the deletion are presently not completely understood.

Interestingly, CFHR3,1-del is very rare in the Asian population, and therefore, this

locus escaped detection in the GWAS comprised only of Han Chinese population.
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2.3.2.2 The Regulation of Mucosal IgA Production

GWAS pointed to additional loci related to mucosal IgA production. For example,

the TNFSF13 locus encodes a proliferation-inducing ligand (APRIL) involved in

IgA class switching. Bacteria trigger the switching by a TLR-inducible signaling

program requiring APRIL [172]. The risk variant is associated with a higher serum

IgA levels among IgAN cases [23, 24]. Inactivation of Tnfsf13 in mice produces a

significant decrease of serum IgA levels and reduced serum IgA antibody responses

to mucosal immunization [173]. Conversely, overexpression of B cell-activating

factor (BAFF), a related molecule with overlapping functions and receptors with

APRIL, in a mouse model exhibits features of autoimmune disease, including B cell

hyperplasia and hypergammaglobulinemia. These mice develop fatal nephritis with

IgA deposits along with high circulating levels of polymeric IgA that is aberrantly

glycosylated. Furthermore renal disease in BAFF-Tg mice with genetic deletion of

IgA exhibited reduced pathology lesions [174].

Another GWAS hit involved the locus encoding the cytokines LIF and OSM
locus on chromosome 22q12 [22]. These cytokines are members of the IL-6 family,

are expressed in mucosal tissues, and have immunoregulatory properties [175–

177]. The patients presenting the IgAN risk allele have higher IgA serum levels

[22, 24]. LIF and OSM have been previously associated with Crohn’s disease,

pointing to its involvement in the regulation of intestinal inflammation [178–

180]. In addition, inactivation of Osm in mice results in glomerulonephritis [177].

2.3.2.3 Innate Immunity Genes

Additional GWAS loci have highlighted proteins related to innate immunity:

α-defensins are antimicrobial peptides mapped to chromosome 8p22–p23 in a

cluster of five homologous genes (DEFA1/3/4/5/6 genes). Together with the other

family of β-defensins that maps in the same regions, the α-defensins encode for

proteins with antimicrobial activity via creation of molecular pores that cause direct

membrane permeabilization or by signaling to immature dendritic cells [181]. Copy

number variants (CNVs) have been described for DEFA1 and DEFA3 and the

number of copies relates to the abundance of mRNA and protein encoded

[182]. The CNVs in defensins have been linked to other inflammatory conditions

as Crohn’s disease and psoriasis [183, 184].

Other loci related to innate immunity revealed by GWAS include CARD9 locus.
CARD9 is a pro-inflammatory adapter molecule involved in the activation of

NF-κB signaling. The CARD9 locus is implicated in the pathogenesis of inflamma-

tory bowel disease (IBD) [180] and loss of function mutations in CARD9 result in

susceptibility invasive candidiasis. The IgAN risk allele is strongly associated with

its increased expression in peripheral blood mononuclear cells. Another IgAN risk

locus encompasses the ITGAM and ITGAX genes, which encode integrins αM and

αX, leukocyte-specific α-integrins involved in the process of phagocytosis, and
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regulation of IgA production. Intestinal dendritic cells that induce T cell-

independent IgA class switch recombination express high levels of αM and αX
integrins [185, 186].

2.3.3 Geoepidemiology of IgA Nephropathy

IgAN has been reported worldwide but displays a striking geographic variation. It is

the most common cause of kidney failure in East Asian countries, has intermediate

prevalence in European and US populations, but is rarely reported in African

populations. In a geospatial analysis of 6,319 individuals representative of 85 world-

wide populations, the distribution of the risk alleles was highly differentiated

between ethnicities [164]. The analysis of the geographical distribution of the

genetic risk score identified a west–east and a south–north gradients. The geospatial

pattern of risk distribution parallels the known west-east gradient in disease pre-

valence. For example, the protective alleles at the CFH and at one of the ITGAM/

ITGAX signals are virtually inexistent in East Asian populations but have a

10–25 % allele frequency in Europeans and Africans. Unexpectedly, higher reso-

lution analysis of the European continent revealed an additional increase in the

genetic risk from South to North (Fig. 2.1). To check whether this genetic finding

was consistent with disease epidemiology, the authors analyzed European

end-stage kidney failure registry data and confirmed the same south–north gradient

in IgAN-attributable kidney failure. Similar to IgAN, other immune diseases as

multiple sclerosis, type I diabetes, or IBD show a north–south geographical gradient

and some susceptibility loci are shared between them [187–190], suggesting that

variation in common genetic risk factors may mediate variation in prevalence of

autoimmune disorders. Complex selective pressures likely underlie these gradients.

Interestingly, the risk alleles with largest effects tend to have the greatest population

differentiation and contribute most to the observed geo-genetic patterns. Taken

together, these findings suggest that local selective pressures might have systemat-

ically increased the frequency of risk alleles in some populations through the

process of multilocus adaptation. In the largest multiethnic GWAS, an analysis of

different ecological variables that could potentially provide such a selective pres-

sure was performed. Genetic risk correlated strongly with variation in local path-

ogen diversity, particularly helminth diversity, suggesting a possible role for host–

intestinal pathogen interactions in causing the geographical distribution of genetic

risk and disease prevalence [24]. Even today helminths infect nearly a quarter of the

world population [191], and East Asia has the highest burden of helminth species

and helminth infections with significant impact on pediatric mortality [191, 192]. It

is important to point out that this model does not suggest that exposure to the

helminths gives susceptibility to IgAN but rather that higher genetic risk of IgAN in

Asia may represent an adverse consequence of genetic adaptation to local mucosal
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pathogens. The enhanced IgA response conferred by GWAS risk alleles can also

explain the known association of mucosal infections as a common trigger for IgAN.

2.3.4 Shared Genetics with Inflammatory or Autoimmune
Diseases

Loss of self-tolerance is fundamental to autoimmunity. A clear autoimmune com-

ponent in IgAN is the development of autoantibodies directed against the

undergalactosylated IgA, leading to formation of immune complexes that deposit

on mesangial cell triggering an autoinflammatory cascade. The fine details of the

genetic and molecular alterations that lead to this autoimmune cascade remain

unknown. However the GWASs have revealed a significant number of shared loci

with other autoimmune conditions. A deeper analysis of this pathway could shed

light on the shared autoimmune alteration and clinical features between these

heterogeneous conditions. GWASs have indicated that HLA-DQA1, HLA-DQB1,
HLA-DRB1, and HLA-DP are associated with IgAN and DQA1*0101 and

DQB1*0301 emerged as risk alleles and DQA1*0102 and DQB1*0201 [22, 24]

Fig. 2.1 Surface interpolation of the standardized genetic risk score over Africa and Euroasia

(main) and the Americas (inset). Symbols represent the locations of sampled populations [164]
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as protective alleles after imputation analysis. A significant number of MHC loci

identified in IgAN are shared with other autoimmune diseases such as rheumatoid

arthritis [193], systemic sclerosis [194], alopecia areata [195], Graves’ disease

[196], type I diabetes [193], and celiac disease [197, 198]. Interestingly, a discor-

dant effect for these loci has been found in SLE [199], multiple sclerosis [200], and

ulcerative colitis [201], suggesting that someMHC alleles may enhance recognition

of autoantigen for a specific disease but have reduced affinity for the autoantigen for

another autoimmune disease and ultimately result in protection.

As mentioned above, a common deletion in CFHR1 and CFHR3 genes has been

associated to IgAN [22]. The same deletion identified is protective in age-related

macular degeneration [22, 24, 164, 168, 202] but increases risk in SLE [169] and

atypical hemolytic uremic syndrome (aHUS). In aHUS, the CFHR3,1-del has been
associated to the development of inactivating anti-FH antibodies [170] that would

be the final effectors of the increased risk. Similar to MHC, CFHR loci, the IgAN

risk alleles at ITGAM, and ITGAX loci have an opposite effect in SLE [203].

Significant overlap with pathways for IBD was also detected. CARD9 is a

pro-inflammatory molecule which is responsible for both innate and adaptive

immune responses [204]. The IgAN risk allele at the CARD9 locus is direction

consistent with associations reported on the risk of ulcerative colitis and Crohn’s
disease [179, 180, 205–207]. α-Defensins 5 and 6 (DEFA5 and DEFA6) are

constitutively produced by the intestinal Paneth cells of the intestine [208]. Defi-

ciencies in α-defensins 5 and 6 have been previously associated with Crohn’s
disease [209, 210]. Finally, the LIF/OSM locus is also associated with IBD.

Additional, suggestive associations with IBD loci were also reported and the

pathway analysis revealed significant enrichment for networks involved intestinal

IgA productions [24]. These shared associations between IgAN and IBD disease

highlight common pathways in the pathophysiology of the inflammation of mucosal

barrier and may explain co-occurrence of these two disorders [211].

TNFSF13 has not been previously related to specific autoimmune disease;

however, mutations in the TNFSF13 receptor (TACI) produce IgA deficiency or

combined variable immunodeficiency, with increased propensity to mucosal infec-

tions [212]. TNFSF13 encodes APRIL, a powerful B cell-stimulating cytokine that

is induced by intestinal bacteria and promotes CD40-independent IgA class

switching [213]. APRIL levels are elevated in patients with IgAN [174] and the

IgAN risk allele is associated with increased IgA levels [23].

2.4 Challenges and Future Directions

The recent GWAS of IgAN demonstrated a significant association of the LIF/OSM
and the TNFSF13 loci with IgA levels (additive effects). In addition, the 15-SNP

genetic risk score is associated with the age of presentation of disease; there was a

20-year difference in the age of presentation between individuals with the most and

least number of risk alleles [24]. While the effect size is too modest to be clinically
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useful, these data clearly demonstrate that genetic factors influence clinically

important variables. Identification of novel loci combined with careful genotype–

phenotype correlations may reveal association of individual SNPs or the genetic

risk score with important variable such as proteinuria, progression, or histopatho-

logical severity. These data also suggest that detection of more common variants

with GWAS or identification of rare alleles with large effect will delineate stronger

clinical correlations.

Another approach is to improve phenotypic characterization. The role of

undergalactosylated IgA in the pathogenesis is well established and has been the

object of more than 30 years of investigation [214]. Combined measurement of

galactose-deficient IgA1 and autoantibody levels may provide more refined tools

for characterization of patients and relatives. The parameters are highly associated

with development of disease and may enhance the resolution of genetic studies.

In addition, examination of disease mechanisms requires a strong functional

assays and animal models. Cellular models to date include the production of

patient-derived IgA1-producing cell lines that recapitulate defects in IgA produc-

tion and allow examination of molecular defects leading to aberrant IgA1

O-glycosylation. In addition, patient-derived lymphocytes producing autoanti-

bodies targeting undergalactosylated IgA1 have also been developed, allowing

examination of pathways leading to breach in tolerance. Challenges in developing

animal models include the differences in the composition and structure of IgA

between rodents and humans. However, novel animal models of disease recapitu-

late many clinical aspects of disease and will likely prove useful for studying

pathogenesis [174, 215, 216]. The recent report describing the development of

IgAN in mice overexpressing BAFF [174, 217] shows convergence with detection

of association of TNFSF13 with IgAN in recent GWASs [23], indicating that these

mice would be suitable for studying IgAN pathogenesis.

While GWAS represents an important advance in the evaluation of genetic

component of complex diseases, it can only detect relatively frequent variants

with small effect. Hence in the majority of cases, the GWAS loci explain only a

fraction of the overall heritability. While fine-mapping studies may uncover addi-

tional common and rare risk alleles that together explain a larger fraction of the

disease variance, there is additional “missing heritability” that may be attributable

to either genetic or nongenetic factors [218–220]. In particular, the missing herita-

bility may be due to the presence of low-frequency variants with large effect that

are not detectable by GWAS methodology. For example, recent studies have also

shown that CNVs with large effect contribute to many neuropsychiatric, develop-

mental, and immune-mediated phenotypes [221–224]. In addition, next-generation

sequencing (NGS) has revolutionized genomics, achieving superlative speed and

accuracy in sequencing [225, 226]. Large-scale sequencing studies have now

identified rare single nucleotide variants predisposing to many complex phenotypes

such as autism, dyslipidemia, idiopathic pulmonary fibrosis, or ALS [227–

231]. These data suggest that CNV analysis, whole genome analysis, or exome

analysis of IgAN patients may similarly uncover rare genetic variants predisposing

to familial and sporadic disease. Moreover these genetic studies can be combined in
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clinical trials of IgAN, to detect interaction of genetic factors with progression or

response to treatment.
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Chapter 3

Is IgA Nephropathy (IgAN) a Familial

or Sporadic Disease?

Ichiei Narita, Yoshikatsu Kaneko, Yumi Itoh, Yuichi Sakamaki,

Seitaro Iguchi, Suguru Yamamoto, Minako Wakasugi,

Junichiro J. Kazama, and Shin Goto

Abstract There have been several lines of evidences for familial aggregation of

IgA nephropathy (IgAN), as well as mesangial deposition of IgA, suggesting that

the susceptibility to this disease is genetically controlled. In our institute, family

histories of hematuria, end-stage kidney disease, and glomerulonephritis are

observed in about 10 % of cases with IgAN, even in those without any significant

hereditary nephritis or kidney diseases. Recent large-scale genome-wide associa-

tion studies (GWAS) of sporadic IgAN have identified multiple susceptibility loci,

providing an insight into the genetic architecture of this disease, although each of

their individual impact to the development of the disease is still not enough. It has

been recognized that most of these loci are either directly associated with risk of

inflammatory bowel disease (IBD) or maintenance of the intestinal epithelial barrier

and response to mucosal pathogens. Further elucidation of the role of genetic

variants underlying IgAN, and hologenetic views of gene variants and environmen-

tal factors, would be necessary to understand the precise pathogenic mechanism of

IgAN in more detail.

Keywords Familial IgAN • GWAS • Exome sequencing

3.1 Introduction

IgA nephropathy (IgAN) is the most common form of glomerulonephritis [1],

which accounts for up to 40 % of primary glomerulonephritis in Asia [2, 3], and

is also highly prevalent among Native Americans and Australian aborigines. On the

other hand, it has been reported to be uncommon in populations originating from

Africa and the Indian subcontinent [4, 5], whereas more recent data from Kentucky
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and Tennessee contrarily showed that population-based incidence rates of IgAN

were similar in African American and white populations, suggesting that the

differences in the incidence of IgAN might be partially explained by differences

in the policy of kidney biopsy [6, 7].

Although it is still controversial, a recent large-scale genome-wide association

study has confirmed that the incidence of end-stage renal disease due to IgAN is

geographically different and that was obviously in accordance with the distribution

of several risk alleles [8]. The possible existence of ethnic and racial difference in

the incidence of this disease may support the contribution of genetic backgrounds in

the pathogenesis of IgAN.

Furthermore, familial mesangial deposition of IgA has been reported to have a

prevalence of up to 30 % or more regarding the family members of donor of kidney

transplantation for end-stage renal disease (ESRD) patients due to IgAN [9–11],

which is much higher than that in a general population; the prevalence has been

reported as 16 % in autopsy studies.

On the other hand, evidence of concomitant mesangial proliferative glomerulo-

nephritis is present in less than 2 % of individuals surveyed [12]. Variations in

manifestations of this disease, such as the severities in both clinical and histopath-

ological findings or the prognosis of renal outcome, may indicate that IgAN

includes multiple disease subsets that cannot be distinguished by the standard

methods based on renal pathology or clinical characteristics.

The evidence indicating the contribution of a genetic effect in IgAN might be

given from reports of familial aggregation of the disease.

In this chapter, the evidences for familial aggregation of this disease will be

discussed, and in addition, I would like to overview on the genetic studies for both

sporadic and familial IgAN to identify the responsible genes that determine sus-

ceptibility to this disease.

3.2 Familial Aggregation of IgA Nephropathy

The majority of cases with IgAN are clinically found to be sporadic, whereas

familial clustering is also not uncommonly observed [13]. Because of the require-

ment of renal biopsy for definite diagnosis, and the intermittent nature of urinary

abnormalities, no systematic data has been available about the prevalence of

familial IgAN or sibling recurrence risk, which would allow the genetic contribu-

tion to the disease to be formally quantified. Karnib et al. identified a large

Lebanese-Druze kindred ascertained via an index case with biopsy-proven IgAN

and performed systematic screening of 38 family members [14]. In general, the

proportion of patients with glomerulonephritis who had familial disease was higher

than expected, and the family history is an important point to consider in the

examination of patients with glomerulonephritis. Among 101 patients of glomeru-

lonephritis with positive family history screened from 860 patients, 17.8 % had

familial IgA glomerulonephritis [15]. Twenty-six of 185 patients (14 %) with IgAN
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investigated in Brescia, Italy, were related to at least one other patient with the

disease [16]. In Japan, Wakai et al. have reported that a family history of chronic

nephritis was an independent risk factor for the development of IgAN, with an odds

ratio of 4.8 (95 % CI, 1.69–13.6) for those with glomerulonephritis within second-

degree relatives [17]. Table 3.1 summarizes the frequencies of patients with biopsy-

proven IgAN and those with family history of any glomerulonephritis, which was

defined by urinary abnormalities or any history of nephritis, or ESRD, based on a

survey undertaken in Niigata University Hospital, Niigata, Japan, from 1992 to

2000 and those from 2001 to 2010. These findings in concert indicated that family

histories of hematuria, end-stage kidney disease, and glomerulonephritis are

observed in about 10 % of cases with IgAN, even in those without any significant

hereditary nephritis or kidney diseases.

Clinical phenotype of familial IgAN is generally similar to that of sporadic

IgAN. There have been some reports of families clustering with Henoch-Schonlein

purpura or thin basement membrane disease [18, 19], whereas clinical and patho-

logical findings specific to familial IgAN have not been described.

3.3 Genetic Studies for the Pathogenesis of IgA

Nephropathy

From decades ago, genetic analysis in sporadic IgAN had been performed. Initially,

the majority of them were case-control association studies by using classical

techniques, such as restriction fragment length polymorphism (RFLP) to measure

allele frequencies of one or a few genetic polymorphisms of functional candidate

[20–26]. Although these studies may have contributed to our better understanding

of the mechanisms of the initiation, as well as progression of the disease, not all the

results had been confirmed by replication studies, and majority of them were not

convincing enough to influence the clinical diagnosis and practice of this disease.

Recently, using microarray DNA analysis methods, genome-wide association

studies (GWAS) of sporadic IgAN have been performed using large cohorts of

more than thousands of cases with IgAN and controls. These studies have identified

multiple susceptibility loci, providing an insight into the genetic architecture of this

disease [27–29]. They demonstrated strong associations of the major histocompat-

ibility (MHC) locus and four non-HLA loci, including chromosome 1q32, a com-

mon deletion of the complement factor H-related CFHR3 and CFHR1 genes

(CFHR3,1-delta); 8p23, the α-defensin (DEFA) gene cluster; 17p23 (including

TNFSF13); and 22q12 (including HORMAD2 and several other genes).

Table 3.1 Family history observed in cases with IgA nephropathy in Niigata University Hospital

Family history 1992–2000 2001–2010

With GN 95/908 (10.5 %) 77/822 (9.5 %)

With dialysis 42/908 (4.6 %) 58/822 (7.1 %)

Number of positive case/total number (%)
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More recently, by international collaboration, the largest GWAS has been

performed in 2,747 biopsy-confirmed cases and 3,952 controls as the discovery

cohorts (stage I), and subsequently, top signals, defined by P< 5� 10�5, were

genotyped in an additional 4,911 cases and 9,002 controls (stage II), followed by

meta-analysis to identify genome-wide significant signals across the combined

cohorts of 20,612 individuals. This two-stage design was adequately powered to

detect ORs as small as 1.15–1.25. This study has identified six novel genome-wide

significant associations including genes as follows: four in ITGAM-ITGAX
(encoding leukocyte-specific integrin αX, a component of complement receptor

4 (CR4)), VAV3 (encoding a guanine nucleotide exchange factor for Rho GTPases

that is important for B and T lymphocyte development and antigen presentation),

and CARD9 (encoding caspase recruitment domain-containing protein 9, an adapter

protein that promotes activation of NF-κB in macrophages) and two new indepen-

dent signals at HLA-DQB1 and DEFA, replicating the nine previously reported

signals, including known SNPs in the HLA-DQB1 and DEFA loci (Table 3.2). The

cumulative burden of risk alleles was strongly associated with age at disease onset.

Interestingly, most loci are either directly associated with risk of inflammatory

bowel disease (IBD) or maintenance of the intestinal epithelial barrier and response

to mucosal pathogens. The geospatial distribution of risk alleles is highly sugges-

tive of multi-locus adaptation, and genetic risk correlates strongly with variation in

local pathogens, particularly helminth diversity, suggesting a possible role for host-

intestinal pathogen interactions in shaping the genetic landscape of IgAN [8, 28,

30].

An additional GWAS of IgAN in Han Chinese, which was comprising 8,313

cases and 19,680 controls, has most recently been reported [31]. The authors

identified novel associations at ST6GAL1 and ACCS, and their risk variants were

strongly associated with mRNA expression levels in blood cells. Many studies

described aberrant glycosylation of IgA1 in sporadic IgAN, and in also familial

IgAN, that defect was reported to be inherited [32]. The associations of ST6GAL1
elucidated by GWAS might explain the genetic basis of defect of glycosylation

in IgAN.

Indeed, it is obvious that recent genome-wide association studies have identified

hundreds of genetic variants associated with complex human diseases and traits

including IgAN and that these studies have provided valuable insights into their

genetic architecture. However in general, most reported variants confer relatively

small increments in risk and explain only a small proportion of familial clustering,

leading many to question how the remaining, “missing” heritability can be

explained. The underlying rationale for GWAS is the “common disease, common

variant” hypothesis, positing that common diseases are attributable in part to allelic

variants present in more than 1–5 % of the population. It has been suggested that

low-frequency variants of intermediate effect might also contribute to explaining

missing heritability that should be tractable through large meta-analyses and/or

imputation of genome-wide association data to illuminate the genetics of complex

diseases and enhance its potential to enable effective disease prevention or treat-

ment (Fig. 3.1) [33].
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3.4 Genome-Wide Linkage and Whole Exome Sequencing

Analysis of Familial IgAN

Apart from sporadic IgAN, researchers have intensely searched for causative genes

for familial IgAN by positional cloning approach, as the other Mendelian diseases

achieved success by that analysis. Gharavi et al. reported in 2000 a genome-wide

analysis of linkage in 30 multiplex IgAN kindreds, demonstrating the remarkable

linkage of IgAN to 6q22-23 under a dominant model of transmission with incom-

plete penetrance, with a LOD score of 5.6 and 60 % of kindreds linked. These

findings for the first time indicated the existence of a locus with large effect on

development of IgAN and identify the chromosomal location of this disease gene

[34]. However, even by these expensive methods including positional cloning

techniques as “genome-wide” microsatellite markers, the genes responsible for

Table 3.2 GWAS loci reported to be associated with IgAN

Nat Genet 2014;46:1187–96

[30]

CHR SNP

Type of

SNP

Risk

allele Locus OR Function

1 rs17019602 Intronic G VAV3 1.17 Chemokine signaling

pathway

1 rs6677604 Intronic G CFHR3,1-

delta

1.35 Innate immunity system

(alternative pathway)

6 rs7763262 Intergenic C HLA-DR/

DQ

1.41 Antigen presentation

6 rs9275224 Intergenic G HLA-DR/

DQ

1.36

6 rs2856717 Intergenic G HLA-DR/

DQ

1.27

6 rs9275596 Intergenic T HLA-DR/

DQ

1.44

6 rs9357155 Intronic G TAP2/

PSMB9

1.13 Antigen digestion and

processing

6 rs1883414 ncRNA G HLA-DP 1.22 Antigen presentation

8 rs2738048 Intergenic A DEFA 1.10 Innate immunity system

(antimicrobial)8 rs10086568 Intergenic A DEFA 1.16

9 rs4077515 Missense T CARD9 1.16 Innate immune system

16 rs11150612 Intergenic A ITGAM-

ITGAX

1.18 Cell adhesion molecules

16 rs11574637 Intronic T ITGAM-

ITGAX

1.32

17 rs3803800 Intronic A TNFSF13 1.12 Mucosal immunity and

immunoglobulin class

switching

22 rs2412971 Intronic G HORMAD2 1.20 Mucosal immunity and

inflammation
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susceptibility to IgAN have not yet been identified. After that, two more genome-

wide linkage analyses described other candidate loci for the development of

familial IgAN [35, 36]. Until now, four loci have been reported, and locus hetero-

geneity is considered to exist in the genetic backgrounds of even in familial IgAN,

which is one of the causes of difficulty in identifying the genes for IgAN.

With next-generation sequencing technology, whole exome sequencing has

emerged as a powerful and cost-effective strategy for dissecting the genetic basis

of diseases, and numerous causative genes for rare diseases have been identified so

far. As described above, from the point of view of genetic heterogeneity of familial

IgAN, an oligo-/polygenic and multiple susceptibility gene model for the disease

has been proposed. Therefore, in order to identify the genetic causality of familial

IgAN, sequencing analysis of each family would be necessary. Workflow of exome

analysis is described in the following: (1) the whole exomes of affected and

unaffected individuals were captured and subjected to massive parallel sequencing.

(2) Variants identified by exome sequencing were filtered on the basis of variant

annotation, functional expectation, and allele frequency. (3) The variants shared by

the affected individuals in the family were selected and compared with public

genetic variation database. Finally, causative gene variants must fulfill the follow-

ing requirements: allele frequency of rare mutation, co-segregation in the family

members, and demonstration of functional significance of the variants.

Recently, Italian researchers reported a genetic study of Sicilian family where

IgAN segregates with an autosomal dominant pattern [37]. The exome and bioin-

formatic analysis identified p.Arg119Trp variant in the SPRY2 gene, and functional

Fig. 3.1 Feasibility of identifying genetic variants by risk allele frequency and strength of genetic

effect (From Ref. [33])
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analysis of this variant demonstrated the inhibition of the MAPK/ERK1/2 pathway

demonstrated only in the affected individuals. They suggested that downregulation

of the MAPK/ERK1/2 pathway represents a common mechanism leading to IgAN.

In other paper [38], Chinese researchers analyzed ten IgA families and described

six deleterious variants in four genes co-segregated in the families. They mentioned

causal relationships between the variants and IgAN; however, functional signifi-

cance of these variants has not been demonstrated.

Rare variants and/or mutation for familial IgAN are considered as key genetic

factors with moderate to strong effects. In the near future, identification of them

would provide novel insights for the pathophysiology in the developments of IgAN.

3.5 Conclusion

Progress in technologies of genomic science has been uncovering the genetic

diversity in patients with IgAN. From these studies, basic framework of pathogen-

esis of IgAN has been revealed. We speculate that the effects of genetic variants in

each gene might influence the inheritance pattern of disease, sporadic or familial.

To understand the precise pathogenic mechanism of IgAN in more detail, further

elucidation of the role of genetic variants underlying IgAN, and hologenetic views

of gene variants and environmental factors, would be necessary in the future.
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Chapter 4

Heterogeneity of Aberrant O-Glycosylation

of IgA1 in IgA Nephropathy

Jan Novak, Kazuo Takahashi, Hitoshi Suzuki, Colin Reily, Tyler Stewart,

Hiroyuki Ueda, Koshi Yamada, Zina Moldoveanu, M. Colleen Hastings,

Robert J. Wyatt, Jiri Mestecky, Milan Raska, Bruce A. Julian,

and Matthew B. Renfrow

Abstract IgA nephropathy (IgAN), a frequent cause of end-stage renal disease, is

an autoimmune disease wherein immune complexes consisting of IgA1 with

galactose-deficient O-glycans (Gd-IgA1; autoantigen) and anti-glycan autoanti-

bodies deposit in the glomeruli and induce renal injury. Serum IgA1 has three to

six clustered O-glycans, some of which may be deficient in galactose and thus

expose terminal or sialylated N-acetylgalactosamine. Patients with IgAN usually

have elevated serum levels of Gd-IgA1. The mechanisms involved in production of

Gd-IgA1 are not fully understood.

Using IgA1-producing cell lines, we have analyzed the heterogeneity of IgA1

O-glycosylation and the corresponding biosynthetic pathways. IgA1 secreted by
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cells from IgAN patients vs. healthy controls had more galactose-deficient sites and

overall more O-glycans. These changes were associated with differential expres-

sion/activity of key glycosyltransferases in cells from patients with IgAN

vs. controls, elevated for an initiating enzyme N-acetylgalactosaminyl (GalNAc)-

transferase 14 and for GalNAc-specific sialyltransferase (ST6GalNAc-II) and,

conversely, decreased for the galactosyltransferase (C1GalT1) and C1GalT1-

associated chaperone Cosmc. Involvement of the key enzymes in the production

of Gd-IgA1 was confirmed by siRNA knockdown and biochemical approaches.

Moreover, expression of these enzymes is affected by some cytokines that further

enhance the enzyme imbalance to increase Gd-IgA1 production.

In summary, the production of Gd-IgA1, the key autoantigen in IgAN, by IgA1-

secreting cells results from dysregulation of key glycosyltransferases and is aug-

mented by certain cytokines. These findings provide insight into possible

approaches for future disease-specific therapy.

Keywords IgA1 • O-glycosylation • Galactose deficiency • Autoantigen

4.1 Introduction

IgA nephropathy (IgAN) was described for the first time by Berger and Hinglais in

1968 based on the observation of “intercapillary deposits of IgA-IgG” using

fluorochrome-conjugated antibodies for immunofluorescence examination of

renal biopsy specimens from patients with recurrent hematuria [1]. IgAN was

later recognized as the most common glomerulonephritis worldwide [2, 3] and an

important cause of end-stage kidney disease [4]. The disease incidence varies

greatly by geographical location [5]. For example, IgAN is found in up to 40 %

of native-kidney biopsies in eastern Asia but in less than 5 % of such biopsies in

central Africa [5–9]. Some of this variability may be due to local differences with

regard to which patients are selected to undergo renal biopsy, but genetically

determined influences on the pathogenesis of the disease are thought to play a

significant role in disease incidence [8, 10–12].

4.1.1 Clinical Presentation and Diagnosis

IgAN is commonly manifested in adolescents and young adults. Asymptomatic

proteinuria and hematuria are common clinical presentations [13]. Painless macro-

scopic hematuria is frequent in children and adolescents and often coincides with

mucosal infections, particularly those of the upper respiratory tract and/or digestive

system. IgAN more commonly affects males than females (2–3:1) in Caucasians

but affects both genders equally in eastern Asia. This disease is diagnosed based on

pathological evaluation of renal biopsy specimens, with the typical feature of
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glomerular immunodeposits containing predominant or codominant IgA1

[14]. These IgA1 deposits are enriched for molecules with some galactose-deficient

O-glycans [15, 16]. Light microscopy typically shows mesangial proliferation and

expansion of extracellular matrix [14]. Glomerular sclerosis and interstitial fibrosis

are associated with progressive disease that leads to renal insufficiency. Several

different histopathologic classification schemes have been developed, including the

Haas, Lee, and Oxford classification systems (for details, see [5, 17–21]). Notably,

there is no disease-specific treatment for IgAN [5, 22].

4.1.2 Pathogenesis of IgA Nephropathy

Research during the past 15 years has defined IgAN as an autoimmune disease with

a postulated multi-hit mechanism [23] (Fig. 4.1). Molecules of IgA1 with some O-
glycans deficient in galactose (galactose-deficient IgA1; Gd-IgA1) are produced in

amounts sufficient to increase their blood levels (hit 1). These molecules are

recognized by unique circulating anti-glycan autoantibodies (hit 2). This process

leads to formation of immune complexes (hit 3), some of which reach the

Galactose-deficient IgA1 
(Gd-IgA1)

Pathogenic Gd-IgA1-containing 
circulating immune complexes

Autoantibodies specific 
for Gg-IgA1

Hit #4

Hit #2

Hit #3

Hit #1

Glomerular deposition 
and injury

(cellular proliferation, matrix 
expansion)

Altered mucosal immunityFig. 4.1 A proposed multi-

hit pathogenesis of IgAN.

IgA1 with some O-glycans
deficient in galactose

(galactose-deficient IgA1;

Gd-IgA1) is produced in

increased amounts, leading

to increased levels in the

circulation (hit 1) and such

molecules are recognized

by unique circulating anti-

glycan autoantibodies (hit

2). This process leads to

formation of pathogenic

immune complexes (hit 3),

some of which reach the

glomerular circulation and

deposit in the mesangium

and induce renal injury (hit

4). Moreover, there are

likely upstream factors

involved in abnormal

mucosal immune responses

characteristic for patients

with IgAN
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glomerular circulation and deposit in the mesangium and induce renal injury (hit 4).

It is to be noted that activation of mesangial cells in vitro by Gd-IgA1 requires that

the molecule be contained in an immune complex; uncomplexed Gd-IgA1 does not

stimulate proliferation of mesangial cells [23–32]. The basis for the accentuated

synthesis of Gd-IgA1 remains uncertain, but abnormalities in mucosal immunity

have been implicated [33–36].

4.2 Structure of IgA1

Monomeric human IgA1 has two heavy chains and two light chains connected by

disulfidic bridges [37]. Each heavy chain has three constant (Cα) domains and one

variable (V) domain; each light chain has one C and one V domain (Fig. 4.2a).

Unlike IgA2, the other IgA subclass in humans, IgA1 has a unique hinge region

between Cα1 and Cα2 that consists of two octapeptide repeats (TPPTPSPS) and is

the site of attachment ofO-glycans [38]. On circulatory IgA1, usually three to six of
the nine potential O-glycosylation sites are glycosylated (Fig. 4.2a) [39–42]. There

are also two N-glycosylation sites on each heavy chain containing complex glycans

[43–47]. Monomers of IgA1 can be covalently associated during their production in

plasma cells with a ~15-kDa J-chain [48–50] and thus the immunoglobulin can be

present as dimers and higher oligomers, termed polymeric IgA1. In the circulation,

most of IgA1 is monomeric [51, 52].

O-glycans of serum IgA1 of healthy individuals are usually core 1 glycans, i.e.,

disaccharides consisting of Ser/Thr-linked N-acetylgalactosamine with a β1,3-
linked galactose (Fig. 4.2b). The disaccharide may be sialylated on either sugar

or on both sugars [45, 53]. Sialic acid (in humans, N-acetylneuraminic acid) is

attached to N-acetylgalactosamine of IgA1 by an alpha2,6-linkage and to galactose

by an alpha2,3-linkage. Lectins (proteins that bind to particular carbohydrates)

serve as useful tools to determine presence of terminal N-acetylgalactosamine or

the disaccharide consisting of N-acetylgalactosamine with β1,3-linked galactose

(Fig. 4.2b), but careful assessment of lectin specificities should always be

performed using well-characterized IgA proteins [40–42, 54–57].

4.3 Biosynthesis of IgA1 O-Glycans

O-glycosylation of IgA1 is a stepwise process beginning with attachment of

N-acetylgalactosamine to Ser/Thr residues of the hinge region; it is mediated by

N-acetylgalactosaminyl-transferase 2 (GalNAc-T2) [58, 59], but other GalNAc-Ts,

including GalNAc-T1, GalNAc-T11, and GalNAc-T14, may contribute to the

process [60, 61]. The O-glycan chain can be then extended by attachment of

galactose to the N-acetylgalactosamine residue (Fig. 4.3); this process is mediated

by core 1 beta1,3-galactosyltransferase (C1GalT1) [62]. The stability of this
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O-glycans

N-glycans

Fab

Fc

Hinge-region
222VPST*PPT*PS*PS*T*PPT*PSPSC241

Ser/Thr 

2,6 
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1,3 

Ser/Thr 

2,3 

Ser/Thr Ser/Thr Ser/Thr 

Helix aspersa + - - - - -
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(+sialidase)
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(+/-sialidase)
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O-glycan 

Lectin reactivity 
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Fig. 4.2 Structure and O-glycosylation of human circulatory IgA1. (a) Modeled structure of

glycosylated monomeric IgA1 based on PDB ID: 1IGA (top) and hinge-region amino-acid

sequence with attachment sites of six O-glycans [125]. Modeled O- and N- glycans are depicted
as spheres for clarity and are based on observed glycoforms: red for Gal-GalNAc; orange for

GalNAc; and magenta for N-glycan (NeuAc)2(Gal)2(GlcNAc)2þ(Fuc)1(Man)3(GlcNAc)2
[40, 46]. Hinge-region non-glycosylated amino-acid residues are in blue. There are up to six

sites of O-glycosylation in the IgA1 hinge region – at T225, T228, S230, S232, T233, and T236

(marked by stars) [40]. (b) O-glycans of circulatory IgA1 and their lectin reactivities. Core

1 glycans consists of N-acetylgalactosamine and galactose, with or without sialic acid. Lectin

from Helix aspersa recognizes terminal N-acetylgalactosamine whereas jacalin binds to the

disaccharide composed of N-acetylgalactosamine and galactose
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enzyme during biosynthesis depends on interaction with its chaperone (Cosmc) for

assistance with protein folding. Without this association with Cosmc, the C1GalT1

nascent protein is rapidly degraded [63–65]. The core 1 structures of IgA1 may be

further modified by sialyltransferases that attach sialic acid to the galactose residues

(mediated by an ST3Gal enzyme) and/or N-acetylgalactosamine residues (mediated

by ST6GalNAc-II, as the usual ST6GalNAc-I is not expressed in IgA-producing

cells) [61, 66, 67].

4.4 Aberrant Glycosylation of IgA1 in IgA Nephropathy

Serum IgA1 of healthy individuals had been thought to contain few or no galactose-

deficient O-glycans [45], but it has been shown that galactose-deficient O-glycans
may be present at some sites in the IgA1 hinge region [40]. Glycosylation studies

have revealed aberrancies in the O-glycans of IgA1 in the circulation of patients

with IgAN. Specifically, most patients with IgAN have elevated serum levels of

IgA1 with some O-glycans deficient in galactose [68–73]. Thus, a fraction of

circulatory IgA1 molecules has some hinge-region O-glycans without galactose,

i.e., consisting of terminal N-acetylgalactosamine or sialylated N-acetylgalac-
tosamine (Fig. 4.2). This galactosylation defect appears to be specific for IgA1, as

other O-glycosylated serum proteins such as C1 inhibitor and IgD do not exhibit

galactose deficiency [40, 41, 56, 57, 74].

GalNAc-Ts

ST6GalNAc-II

C1GalT1

Cosmc

ST6GalNAc-II

ST3Gal

Ser/Thr 

2,6 

Ser/Thr 

1,3 

Ser/Thr Ser/Thr 

Ser/Thr 

Fig. 4.3 Biosynthesis of O-glycans of IgA1. O-glycans are synthesized in a stepwise manner,

starting with attachment of N-acetylgalactosamine to an oxygen molecule of serine or threonine

(catalyzed by GalNAc-transferases), followed by addition of galactose (catalyzed by C1GalT1).

Sialic acid can be added to each glycan by different enzymes, ST3Gal for attachment to galactose

or ST6GalNAC-II for attachment to GalNAc. Sialylation of GalNAc prevents subsequent addition

of galactose
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4.4.1 Synthesis of IgA and Possible Origin of Gd-IgA1

Humans produce approximately 70 mg of IgA per kg of body weight daily

[75]. Most IgA is produced in mucosal tissues, e.g., in the gut, as polymeric IgA

that is then selectively transported by a receptor-mediated pathway into the external

secretions (secretory IgA); only a small percentage of polymeric IgA enters the

circulation [52, 76, 77]. IgA in the circulation, predominantly of IgA1 subclass, is

produced mainly in the bone marrow and to a lesser extent in the spleen and lymph

nodes. A contribution of tonsillar IgA-producing cells to serum IgA has been

considered to play a role in pathogenesis of IgAN [33, 34, 78–83]. IgA is rapidly

catabolized; the half-life of IgA in the circulation is about 5 days. Circulatory IgA is

catabolized predominantly in the liver by hepatocytes [84–92].

Genetic influences on development and expression of IgAN have been recog-

nized and risk alleles of multiple genomic loci have been recently identified (for

review, see [5, 7, 9, 93, 94]). Notably, serum levels of Gd-IgA1 are genetically

determined and may be predictive of disease progression [95–98]. Thus, it is

clinically relevant to determine the nature of aberrant O-glycosylation of IgA1 in

IgAN at a molecular level.

Assessment of IgA1 O-glycosylation in general and in IgAN in particular

initially utilized O-glycan-specific lectins and monosaccharide compositional anal-

ysis [15, 68–70, 72, 99, 100]. Lectin-based assays, using carefully selected lectins

specific for particular sugars [54], evolved into a quantitative lectin ELISA

[71]. This unique test has been used for analyses of serum IgA1 from multiple

cohorts and the accumulated data show that most adult and pediatric patients with

IgAN have elevated serum levels of Gd-IgA1 [54, 71, 73, 98, 101–105]. Moreover,

the lectin-based assay was instrumental in establishing that serum levels of

Gd-IgA1 are heritable in familial as well as sporadic IgAN [95].

To characterize O-glycosylation of IgA1 at a molecular level, mass spectromet-

ric analyses have been used in addition to monosaccharide compositional analyses

[16, 55, 69, 72, 106–111]. Importantly, a new approach for direct localization of

O-glycan attachment sites on IgA1 has been developed by combining a technique to

fragment hinge-region glycopeptides (electron-capture or electron-transfer dissoci-

ation) with high-resolution mass spectrometry, a process termed tandem mass

spectrometry [40–42, 56, 57, 112]. In this approach, the individual glycoforms

are identified by their molecular masses and the sites of O-glycan attachment are

determined by fragmentation. These protocols revealed O-glycoform isomers, i.e.,

hinge-region glycopeptides with the same number of glycans but with some

attached at different sites [40, 113–116]. It remains to be determined whether this

microheterogeneity affects the expression or prognosis of IgAN.
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4.5 Studies with IgA1-Producing Cells

Development of immortalized IgA1-secreting cells derived from cells in the circu-

lation of patients with IgAN and healthy and disease controls provided a new tool

for studies of normal and aberrant O-glycosylation of IgA1 [103]. IgA1 secreted by
the cells from patients with IgAN had higher degrees of galactose deficiency of the

O-glycans than that from cells of healthy controls. Notably, the relative degree of

galactose deficiency of the IgA1 secreted by IgA1-producing cells correlates with

that of serum IgA1 from the corresponding donor [103]. Thus, these cells served as

an excellent model system to study enzymatic pathways and the actual O-glyco-
sylation of secreted IgA1. Initial studies showed that the polymeric IgA1 form is the

most affected by galactose deficiency. Furthermore, this phenotype is related to

decreased expression and activity of C1GalT1 and elevated expression and activity

of ST6GalNAc-II [103]. Moreover, the expression of C1GalT1-specific chaperone

Cosmc [63, 64], that is necessary for stability of the nascent C1GalT1 protein, is

decreased [103]. More recently, the roles of C1GalT1 and ST6GalNAc-II in

production of Gd-IgA1 have been confirmed, using siRNA knockdown and bio-

chemical approaches [67, 117, 118].

IgA1 secreted by our established cell lines was isolated and its O-glycosylation
characterized by using high-resolution mass spectrometry. The IgA1 secreted by

cells from patients with IgAN has more galactose-deficientO-glycans, consisting of
terminal or sialylated N-acetylgalactosamine, compared to IgA1 from the cells from

healthy controls [119]. Moreover, IgA1 from patients with IgAN also had more

O-glycans per heavy chain. Together, these data revealed another type of glyco-

sylation abnormality, an elevated number of O-glycans on IgA1 from patients with

IgAN. This finding implicated a central role for an O-glycosylation-initiating
enzyme, a GalNAc-T, in production of Gd-IgA1.

Several GalNAc-Ts are abundantly expressed in IgA1-producing cells [61, 120],

including GalNAc-T2 [103]. Of this family of enzymes, only GalNAc-T14, the

closest structural relative of GalNAc-T2, was expressed at several-fold greater

levels in the cells from patients with IgAN compared to cells from healthy controls

[120]. Conversely, the expression of GalNAc-T2 and other GalNAc-Ts did not

differ between patients and healthy controls [103]. These findings thus indicate that

overexpression of GalNAc-T14 may contribute to enhanced O-glycosylation of

IgA1 in IgAN [9, 61].

Notably, the dysregulated expression and activities of several key glycosyl-

transferases are further enhanced by some cytokines, including IL-6 [117]. The

signaling process through the IL-6 receptor/gp130 complex is mediated by STAT3

[121, 122] and increases activity of ST6GalNAc-II and decreases activity of

C1GalT1 (Fig. 4.4) [117]. This process leads to greater production of Gd-IgA1

[117]. Another type of signal involved in cellular differentiation and survival that

may be relevant to Gd-IgA1-producing cells includes B-cell activating factor

(BAFF) [122]. Notably, overexpression of human BAFF in mice leads to

overproduction of IgA and development of IgA glomerular deposits [123].
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These observations may together explain why the clinical onset or a flare in the

activity of IgAN often coincides with an active mucosal infection of the upper

respiratory tract and/or digestive system. It can be speculated that such environ-

mental factors exert their activity through cytokines (e.g., IL-6) and growth factors

(e.g., BAFF, APRIL) (Fig. 4.4) to upregulate cellular production of Gd-IgA1 and/or

cell survival in susceptible individuals [9, 94, 122].

4.6 Summary and Implications for Diagnosis, Prognosis,

and Treatment of IgA Nephropathy

Multiple lines of evidence allow us to characterize IgAN as an autoimmune disease

in which Gd-IgA1, produced in increased amounts and leading to increased levels

in the blood, is bound by unique autoantibodies. This sequence of events leads to

formation of pathogenic circulating Gd-IgA1-containing immune complexes. Some

of these complexes deposit in the kidney and induce a mesangioproliferative

glomerular injury [124]. Elevated serum levels of Gd-IgA1 are genetically

codetermined and can be further increased by some cytokines. Moreover, serum

levels of Gd-IgA1 may be predictive of disease progression. Gd-IgA1 is produced

by IgA1-secreting cells of patients with IgAN due to dysregulation of several key

glycosylation enzymes. A combination of approaches with use of IgA1-producing

cell lines and high-resolution mass spectrometry will likely provide a better under-

standing at cellular and molecular levels of the heterogeneity of Gd-IgA1 in

patients with IgAN. We believe that through a detailed understanding of the disease
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processes, biomarkers specific for IgAN can be identified and developed into

clinical assays to aid in the diagnosis, assessment of prognosis, and monitoring of

the disease progression. Moreover, characterization of specific pathogenetic path-

ways, such as those involved in Gd-IgA1 production, will identify targets for future

disease-specific therapies.
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Chapter 5

Differences of Histological Classification

Between the Japanese Histological Grade

Classification and the Oxford Classification

Kensuke Joh and Keely May McNamara

Abstract Two evidence-based histological classifications, the Oxford and Japa-

nese histological grade classification (JHGC), have been recently developed. How-

ever, they differ on a number of points both in the methodological approach to

developing the classification schemes, classification system (split or lumped), and

in the predictive pathological parameters. As these two classification systems

coexist in Japan, there has been a great deal of motivation to compare the two in

order to try and determine which approach may produce the most informative

information for the sake of clinicians and ultimately for the benefit of the patients.

Even though JHGC was not produced with the same rigor as the Oxford classifica-

tion, its utility can be evaluated by the clinical information that it provides. For the

aim to overcome the task of histological classification, JHGC may not be inferior to

Oxford classification.

Keywords IgA nephropathy • Histological classification • Split system • Lumped

system • Natural history

5.1 Introduction

IgA nephropathy (IgAN) is a serious disease with a wide range of clinical out-

comes. The quantitative assessment of the active and chronic histological lesions

present in renal tissues has been shown to be a useful predictor of patient’s outcome

and responsiveness to certain therapies [1]. However, as pathological classification

can be considered by some to be subject to a degree of subjectivity and in addition

needs highly trained and skilled pathologists, of whom there is a worldwide

shortage, various approaches to developing classification schemes using quantifi-

able variables have been developed. Because of this histologic diversity of IgAN, a

number of histologic classification systems were devised and tested for their value
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in predicting clinical outcomes [1]. Of these, the two most widely used were those

of Lee et al. [2, 3] and of Haas [4]. However, these classifications were both expert’s
opinion-based classifications without accurate definitions of each lesion. Therefore,

there were minimal validation studies of these approaches and neither gained

widespread acceptance among renal pathologists.

In response to the need for adoptable and standardized classification methods,

evidence-based histological classifications have been pursued for the classification

of IgAN. The underlying logic of using evidence-based methods is that classifica-

tion systems whose origins lie in evidenced-based methods are more rigorous, less

biased, and more transferable between institutional settings and individuals than

their expert opinion-based counterparts. Of the published evidence-based classifi-

cation schemes, this chapter is going to concern itself with describing and compar-

ing two methodologically divergent approaches; these are the Oxford Classification

and the Japanese Histological Grade Classification [5–7]. Additionally, beyond the

description and comparison of these two evidence-based classification schemes, we

also will attempt to address the benefits and pitfalls of both evidence-based and

expert opinion-based classification of IgAN.

5.2 Histological Classification

As touched on above, the role of histological classification is the clear communi-

cation of histological information between pathologists and clinicians. The utility

of classification schemes is that by typifying an individual case with all its inherent

individual variability to a subclass within a classification, pathologists can provide

both easily digestible information concerning prognosis and guidance for therapeu-

tic decisions. In addition, classification schemes can aid in the development of new

therapeutic strategies by allowing the comparison of lesions across unrelated

clinical trials and patient cohorts, although this latter objective has been yet less

of a focus in the current published approaches.

Currently, the most commonly used international classification scheme is that of

the Oxford classification. This is based on a multicenter case-control study on IgA

nephropathy (IgAN). This was the first evidence-based study conducted to develop

an evidence-based clinicopathological classification of IgAN [5, 6]. Within Japan,

an alternate system has been developed through the IgAN Study Group of the

Progressive Renal Diseases Study Committee organized by the Ministry of Health,

Labor and Welfare. This approach to classification began in 2004 with the goal to

develop an evidence-based clinicopathological classification of IgAN, a time line

comparable with that of the Oxford classification, and subsequently published an

updated evidence-based histological classification in 2013, which is called the

Japanese Histological Grade Classification (JHGC) [7]. These two classifications

systems (Oxford and JHGC) differ concerning the classification system (split or
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lumped) and the parameters involved in the classification (Tables 5.1 and 5.2). In

Japan, we are currently examining the problem of how to use this double standard

of classification and hence are motivated to compare these classifications in terms

of their clinicopathological utility.

Table 5.1 Comparison between JHGC and Oxford classification

1. Oxford classification: split system

M Mesangial

hypercellularity

�0.5 (M0) or �0.5 (M1)

E Endocapillary

hypercellularity

Absent (E0) or present (E1)

S Segmental sclerosis Absent (S0) or present (S1)

T Tubular atrophy/intersti-

tial fibrosis

<25 % (T0), 26-50 % (T1), or >50 % (T2)

2. Japanese histological grading classification: lumped system

Histological

grade

No of lesions*/total

no. of glomeruli

Active

lesions only

Active lesion þ
chronic lesion

Chronic

lesion only

H-Grade I 0–24.9 % A A/C C

H-Grade II 25–49.9 % A A/C C

H-Grade III 50–74.9 % A A/C C

H-Grade IV 75 % A A/C C
*Lesions

Active lesion (A): Cellular crescent, Fibrocellular crescent

Chronic lesion (C): Global sclerosis, Segmental sclerosis, Fibrous crescent

Table 5.2 Pathological parameters of Oxford and JHGC

Oxford JHGC

Active glomerular

lesions

Mesangial hypercellularity ○ �
Endocapillary

hypercellularity

○ �

Cellular or fibrocellular

crescent

� ○ (late progressor)

Chronic glomerular

lesions

Global sclerosis � ○ (early and late progressor)

Segmental sclerosis � ○ (early progressor)

Segmental sclerosis or

adhesion

○ �

Fibrous crescent � ○ (early progressor)

Adhesion � �
Tubulointerstitium Tubular atrophy/interstitial

fibrosis

○ �

Vascular lesions Interlobular artery � �
Afferent artery � �

○ adopted

� not adopted
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5.2.1 Oxford Classification

5.2.1.1 Development

An international committee of pathologists and nephrologists from four continents

were first convened in 2004 for the purpose of developing a new, evidence-based,

international consensus histologic classification for IgAN. The 265 cases were

assembled including biopsies from 206 adults and 59 children and were from

17 different centers based in eight countries and four continents.

The following rigorous procedure was taken to develop the evidence-based

classification (Fig. 5.1). First, the histological parameters which are necessary to

take in the lesions of IgAN were discussed and determined. Using these selected

lesions, a score sheet was produced to quantify these selected histological param-

eters consisting of glomerular, tubulointerstitial, and vascular lesions. Second, on

the basis of data-using score sheets, reproducibility was tested by the Intraclass

Correlation Coefficient (ICC), and the parameters with poor reproducibility were

excluded for further analysis. Third, the histological parameters with reasonable

reproducibility were assessed by linear regression analysis and Cox regression

analysis to determine if they were independent predictors for the renal functional

outcome for a minimum of 3 years and/or until an end point of end-stage renal

disease (ESRD) or �50 % decline in estimated glomerular filtration rate (eGFR).

As a consequence, three histologic parameters were selected as independent

predictors within this classification (M: mesangial hypercellularity, S: segmental

sclerosis, and T: tubular atrophy/interstitial fibrosis (TA/IF)). One additional his-

tologic parameter—endocapillary hypercellularity (E) in >¼ 1 glomerulus—was

not significantly correlated with the above outcomes by multivariate analysis but

Fig. 5.1 Comparison of the producing procedure between Oxford and JHGC
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was strongly correlated with response to immunosuppressive therapy and hence this

additional parameter was included in the classification. Finally, in order to dichot-

omize each of the selected parameters to produce a split classification system,

cutoff points were determined by ROC (Receiver Operating Characteristic) analy-

sis. Thus, the recommendation of the classification with IgAN includes four inde-

pendently reported histologic parameters (M, E, S, and T): M0 or M1, indicating

mesangial hypercellularity in �50 % versus >50 % of glomeruli; E0 or E1,

indicating endocapillary hypercellularity in 0 versus �1 glomeruli; S0 or S1,

indicating segmental sclerosis in 0 versus �1 glomeruli; and T0, T1, or T2,

indicating TA/IF in �25 %, 26–50 %, or >50 % of renal cortex, respectively.

They produced a four-parameter dichotomous scoring system to describe IgAN

lesions.

5.2.1.2 Validation Studies of Oxford Classification

The Oxford Histologic Classification has gained a significant level of worldwide

acceptance and has been the subject of several single-center or multicenter valida-

tion studies. Validating the classification in a diverse range of cohorts treated in

different ways is important to confirm that the classification can be widely applied.

Among validation studies, the selected independent predictors for renal functional

outcome by multivariate analysis were M, S, and T [8] in one, M and S in one, 2 [9],

S and T in two [10–12], M and T in two [13, 14], E and T in one, [15], only T in

three, [16–18], only CT in one [11], and none in one study [19], respectively

(Fig. 5.2).

Fig. 5.2 Evidence-based Oxford classification (Split system)

5 Differences of Histological Classification Between the Japanese. . . 73



Confirmatory Studies

Coppo et al. compared the applicability of the Oxford classification to predict renal

outcomes in 59 children as compared with the 206 adults included in the original

Oxford study cohort. M1 vs. M0 and S1 vs. S0 were associated with an increased

rate of renal functional decline. In contrast, E1 vs. E0 was not. These findings are

similar to those reported in the entire Oxford cohort and suggested that selected

parameters were not influenced by the patient age. However, the effects of the T

variable were not directly examined because there were too few children with

tubulointerstitial lesions to draw conclusions [9]. European validation study of

the Oxford classification of IgA (VALIGA) also confirmed the results from the

original Oxford classification study using 1,147 patients from 13 European coun-

tries. Over a median follow-up of 4.7 years, M, S, and T lesions independently

predicted the loss of eGFR and a lower renal survival. In individuals with eGFR less

than 30 ml/min per 1.73 m2, the M and T lesions independently predicted a poor

survival [8].

Using a cohort of 187 adults and children with IgAN from 4 North American

centers, S and T scores were confirmed as independent predictors of renal func-

tional decline, and this study also confirmed that endocapillary proliferation

(E1) was associated with an increased rate of renal functional decline in patients

not treated with immunosuppression but not in patients receiving immunosuppres-

sion, similar to findings in the original Oxford cohort. M score was not an inde-

pendent predictor of renal functional decline in the study [10]. Katafuchi

et al. studied 702 Japanese adults and children by multivariate analysis and found

that S and T lesions were associated with ESRD. M1 showed a trend toward high

risk of ESRD compared with M0. E score showed no significant association with

the development of ESRD. When crescent (C) was added to the multivariate

analysis, C and T, but not S, were significantly associated with the development

of ESRD. They documented also that an association of crescent with ESRD was not

observed in patients who met the inclusion criteria of Oxford cohort but was evident

in those who did not [11].

Shi et al. evaluated 410 Chinese patients and found that S and T scores were

independent predictors of ESRD. Furthermore, patients having>25 % of glomeruli

with endocapillary proliferation (termed E25), crescents, and M1 were more likely

to be treated with immunosuppressive agents, but none of these parameters were

independent predictors of prognosis [12]. Zeng et al. found that only M1 and T

scores were associated with an increased rate of eGFR decline or reduced renal

survival from a combined event by multivariate analysis using 1,026 adult IgAN

patients from 18 centers in China [13]. Shima et al. defined as a decline in eGFR to

<60 ml/min per 1.73 m2 in 161 consecutive Japanese IgAN children (<20 years

old) and found that M and T scores (but not S) and crescents in >30 % of glomeruli

(but not in �1 glomerulus) were significant predictors of renal outcome in multi-

variate analyses [14]. Lee et al. reported on 69 adult patients followed for

>36 months and found that E1 and T1/T2 lesions independently predicted a
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�50 % decline in eGFR or ESRD, even though patients with E1 lesions received

more immunosuppression than those with E0 [15].

Divergent Studies (One or Less Parameters)

Four studies found only one of the Oxford M, S, and T scores, most often the T

score, to be independently predictive of clinical outcome. El Karoui et al. studied

128 adult patients and found only T score predicted rate of eGFR decline, and only

M score was associated with doubling of serum creatinine or ESRD by multivariate

analysis [16]. In the study by Kang et al. using 197 Korean adult patients, they

showed that only T lesions predicted a 50 % reduction in eGFR or ESRD. Lee

et al. reported on 69 adult patients followed for >36 months. E1 and T1/T2 lesions

independently predicted a �50 % decline in eGFR or ESRD, even though patients

with E1 lesions received more immunosuppression than those with E0 [17]. Le

et al., in a study of 218 Chinese children, found that only T1/2 was an independent

predictor of poor outcome in multivariate analysis [18]. Finally, Alamartine

et al. studied 183 French adults including very mild and very severe forms of the

disease for an average of 77 months; only baseline eGFR was predictive of reaching

this end point by multivariate analysis [19].

As shown above, the Oxford classification offers a simple approach for

predicting renal outcome by describing the presence or absence of active (M, E)

and chronic lesions (S, T). It is also the only current glomerular disease classifica-

tion that was developed in a truly evidenced-based manner.

5.2.2 Japanese Histological Grade Classification (JHGC)

5.2.2.1 Development

As mentioned in the introduction, within Japan, an alternate classification system

has been developed. This came from the work of the IgAN Study Group of the

Progressive Renal Diseases Study Committee under the auspices of the Ministry of

Health, Labor and Welfare. A multicenter case-control study on IgAN was

conducted to develop an evidence-based clinicopathological classification for

predicting long-term renal outcome.

This working group consisted of 16 centers. The cohort was drawn from patients

seen in Japanese hospitals. Lesions were assessed independently by two patholo-

gists, and if they did not agree, lesions were reviewed by both pathologists until a

consensus was reached. The initial panel of histological parameters examined was

very similar to that of the Oxford classification. During a median follow-up of

9.3 years after biopsy, 49 out of 287 patients (19 %) progressed to ESRD. The

associations between pathological variables and the need for chronic dialysis were

examined by multivariate logistic regression analysis separately in patients who
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required dialysis earlier than 5 years (early progressors) and those who required

dialysis within 5–10 years (late progressors) after biopsy. Independent pathological

variables predicting progression to ESRD were global sclerosis, segmental sclero-

sis, and fibrous crescents for early progressors and global sclerosis and cellular/

fibrocellular crescents for late progressors (Fig. 5.3). Four histological grades

(HGs), such as HG 1, HG 2, HG 3, and HG 4, were established corresponding to

<25 %, 25–49 %, 50–74 %, and �75 % of glomeruli, exhibiting cellular or

fibrocellular crescents, global sclerosis, segmental sclerosis, or fibrous crescents.

Eleven (7 %) patients in HG 1, 12 (16 %) in HG 2, 13 (31 %) in HG 3, and 13 (68 %)

in HG 4 progressed to ESRD. Multivariate logistic analysis revealed that the risk of

progression to ESRD was significantly higher in HG 2, 3, and 4 than in HG 1 (odds

ratio, 2.4, 5.7, and 27.6 vs. 1.0). Age, mean arterial pressure, and urinary protein

excretion were higher, while eGFR was lower in higher grades, suggesting that our

histological grading agrees with the prognostic clinical features of IgAN at the time

of diagnosis. The risk of progression to ESRD and the rate of GFR decline were

significantly greater in higher grades, indicating that the grading can identify the

magnitude of the risk of progression to ESRD as well as the deterioration rate of

renal function [7]. In addition to the grading system, this classification allowed for

active (A) chronic lesions (C) and mixed (A/C) to be produced as a subgroup of

each grade which allows identification of a balance between activity and chronicity.

5.2.2.2 Validation Studies

Compared to the Oxford classification scheme, a limited number of validation

studies have been conducted, and these have been confined to Japanese cohorts.

Sato et al. validated the JHGC in a Japanese single-center cohort [20]. This was a

retrospective study in 198 Japanese adult patients with IgAN. Clinical parameters

including blood pressure, urinary protein, eGFR, and outcomes were evaluated in

these patients. The glomerular lesion percentage score (GLPS) [number of glomer-

uli with cellular crescents, fibrocellular crescents, global sclerosis, segmental

Fig. 5.3 Japanese Histological Grading Classification (Lumped system)
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sclerosis, or fibrous crescents per number of total obtained glomeruli] was assessed

in each patient and categorized into histologic grades of HG1 (<25 %), HG2

(25–49 %), and HG3/4 (�50 %). Associations of GLPS (or HG) with disease

progression (50 % eGFR decline or ESRD-requiring dialysis) within 10 years

after biopsy and the rate of annual eGFR decline were examined. During a median

follow-up period of 12.0 years after biopsy, disease progression occurred in 12.8 %

(12/94) of HG1 patients, 32.3 % (21/65) of HG2 patients, and 46.2 % (18/39) of

HG3/4 patients. The risk of disease progression was significantly higher in the HG2

and HG3/4 groups than in the HG1 group (odds ratios: 3.3 and 5.9 vs.1). A higher

GLPS was significantly associated with a higher risk of disease progression and a

greater annual eGFR decline. JHGC based on GLPS (or HG) was well correlated

with long-term prognosis in the cohort of Japanese adult patients with IgAN [20].

5.3 Comparison Between Oxford Classification

and Japanese Histological Grade Classification

Despite similar objective (the communication of complex pathological information

using a simplified scoring system), the Oxford and Japanese histological grade

classification schemes differ on a number of points, both in the methodological

approach to developing the classification schemes and in the predictive pathological

parameters suggested by each classification scheme. As these two classification

systems coexist in Japan, there has been a great deal of motivation to compare the

two in order to try and determine which approach may produce the most informa-

tive information for the sake of clinicians and ultimately for the benefit of the

patients. In order to provide background to our subsequent discussion of the two

classification schemes, the differences in their development and methodology are

detailed below.

5.3.1 Differences in Development of Classification Schemes

5.3.1.1 Inclusion Criteria

The cohorts used in the studies were different between JHGC study and the Oxford

classification study. The differences were influenced mainly by the inclusion

criteria. The Oxford classification excluded patients with proteinuria less than

0.5 g/day and those with an initial eGFR of <30 ml/min per 1.73 m2, whereas in

the JHGC study, there was no limitation for the cohort. This is a relevant variation

as a significant fraction of Japanese patients had asymptomatic proteinuria with

microhematuria or isolated microhematuria in their initial clinical presentation and

were detected owing to the health-screening programs of Japan, whereas these

patients would have been excluded from analysis within the Oxford cohort. This
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means that despite the overall Japanese cohort presenting with less severe IgAN

lesions, it also included those with severe lesions, providing a wider range of IgAN

lesions from which to develop its classification.

5.3.1.2 Baseline Differences Between Cohorts Used in the Studies

(Table 5.3)

When comparing baseline characteristic between the two cohorts, the majority of

parameters were different, possibly due to a combination of the differences in

inclusion criteria as mentioned above and other factors. These differences are

summarized in Table 5.3. The difference between the cohorts included the propor-

tion of pediatric and female patients, follow-up period, degree of proteinuria, and

the eGFR slope. The mean rate of renal function decline was 3.5� 8.4 ml/min per

1.73 m2 per year (–3.7� 6.6 in adults and –2.7� 1.05 in children,) in Oxford,

whereas eGFR decline was �2.9� 3.8 in JHGC. Considering the lower degree of

proteinuria and lower eGFR slope in the JHGC study, overall this cohort consists of

earlier stage of the disease process of IgAN. This speculation is supported by the

evidence that correlation efficient between endocapillary hypercellularity and

mesangial hypercellularity is 0.5 in JHGC and 0.3 in Oxford, whereas correlation

efficient between endocapillary hypercellularity and crescent was 0.2 in JHGC and

0.4 in Oxford, respectively (data not shown) [6, 7] . Since crescent became an

independent predictor between 5 and 10 years (late progressor) in JHGC study and

mean follow-up period is 69 months (5.8 years) in Oxford study, crescent may not

be selected in Oxford study due to the shorter follow-up time [5–7].

Table 5.3 Clinical profile of the cohort

Clinical profile at time of biopsy Oxford study Japanese retrospective study

Cohort 265 287

Median age (yrs) 32 (4–73) 35 (18–70)

Female 28 % 49 %

Pediatric at time of biopsy (<18 yrs) 22 % 9.1 %

Ethnicity Caucasian/African/Asian/Other) 66, 3, 27, 4 % Japanese

MAP (mmHg) 98� 18 94� 14

eGFR (ml/min/1.73 m2) 83� 36 78� 25

Proteinuria(g/day) 1.7 (0.5–18.5) 0.8 (0.0–7.6)

Period of follow-up (Months) 69(12–268) 110 (17–602)

Treated with RAS blockade (ACEi, ARB) 74 % (68 %, 22 %) 77 %

Steroid 29 % 37 %

eGFR slope (ml/min/1.73 m
2
/y) �3.5� 8.4 �2.9� 3.8
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5.3.1.3 Statistical Methodology Involved

The mathematical and statistical approaches to parameter selection differed

between the two approaches. Of the two, the Oxford classification can be said to

be the most rigorously developed as it is the product of a blinded analysis by

multiple pathologists, it tested the reproducibility of each parameter, and it

excluded those showing poor reproducibility. It then subjected parameters that

passed this initial criterion of good interobserver reproducibility to regression

analysis in both univariate and multivariate linear and Cox regression models in

order to find those parameters which modeled both renal functional decline

(through eGFR slope) and outcomes (measured by survival from 50 % reduction

in renal function or ESRD). In contrast, the JHGC used a consensus-based approach

to parameters without a quantitative estimation of the reproducibility of each

parameter. The parameters assessed in this manner were then tested by multivariate

logistic regression analysis in order to determine which parameter most closely

followed lesion for progression in early progressors (dialysis<5 years after biopsy)

or late progressors (dialysis 5–10 years after biopsy) (Fig. 5.1).

Hence, despite similarities (retrospective cohorts, evidence-based modeling),

the Oxford classification has the more rigorous mathematical approach to repro-

ducibility by only including highly reproducible histological features as examined

by multiple pathologists. In contrast, the JHGC still relies on a degree of expertise

by the examining pathologist in classifying the lesions examined. When comparing

the effectiveness of the models used, linear and Cox regression models are prefer-

able to assess the renal functional outcome in middle observation time of 5.8 years

in Oxford study. On the other hand, in logistic analysis used in the JHGC study, a

number of events attaining the hard end point become more in the longer observa-

tion period. So the observation period in this study was divided into early phase

(within 5 years) and late phase (between 5 and 10 years), allowing the parameters

assessed to encompass a greater spectrum of the natural history of IgAN.

5.3.1.4 Differences in the Predictive Pathological Parameters Obtained

from Both Classification Schemes

While having similar objectives and approaches, the Oxford classification and the

JHGC obtained different pathological parameters as key components in their model

of the best way to quantify IgAN lesions, despite both models starting with a similar

panel of pathological characteristics. The only overlap between the two scoring

systems was the adoption of segmental sclerosis as a component of the overall score

in both the Oxford classification and the JHGC.

In the Oxford classification, the additional parameters selected on their basis of

predicting renal function and outcome were tubular atrophy/interstitial fibrosis

(T) and mesangial hypercellularity (M), while in the JHGC, the parameters were

global sclerosis, cellular crescent, fibrocellular crescent, and fibrous crescents.
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Within these, there are probably parallels as global sclerosis and TA/IF showed a

high degree of correlation in the JHGC study (R¼ 0.741 and p< 0.001 by

Spearman’s rank correlation). While the reproducibility of TA/IF was high in the

Oxford study (ICC, 0.78/0.79) and this reproducibility was one of the reasons for its

selection, IF/TA was estimated by semiquantitative methods (eyeball estimation) in

both studies and hence may only be reliable only in an expert’s estimation. From

this point of view, global sclerosis showed outstanding reproducibility in the

Oxford classification (ICC;0.90), as well as being a more quantitative variable so

hence was adopted in preference to IF/TA as predictors in the JHGC. Despite its

utility in traditional expert’s opinion classification, vascular lesion was not adopted
in either classification because reproducibility of quantification for vascular lesions

was considered to be insufficient in both studies. One additional histologic param-

eter—endocapillary hypercellularity was not significantly correlated with the above

outcomes by multivariate analysis but was strongly correlated with response to

immunosuppressive therapy—could be a predictor for poor prognosis in the

patients without immunosuppressive therapy in the Oxford study, but a similar

analysis was not performed in the JHGC.

Of note, despite its clinical utility, crescent (C) was not found to be significant

predictors of clinical outcomes in the Oxford study but was included in the JHGC.

A possible explanation behind this is that the rapidly progressing patients (progres-

sion to ESRD within 12 months of biopsy and/or those with an initial eGFR of

<30 ml/min per 1.73 m2) were excluded from the Oxford study, but included in the

Japanese study. Given that crescent is a parameter associated with rapidly progres-

sive disease, it is possible that the cohort selection predisposed the models to

preselect different characteristics [11]. Thus, this may explain the lack of selection

of crescents in the Oxford classification.

5.3.1.5 Treatment and Outcome Differences Between Cohorts Used

in the Studies

Immunosuppressive therapy is a common treatment approach used in IgAN.

Twenty-nine percent of the patients enrolled (47 % of children and 23 % of adults)

received immunosuppressive therapy in the Oxford study, whereas 37 % of the

patients received variable dosages of corticosteroids with additional immunosup-

pressive agents in the JHGC. The difference in rates of therapy between these two

groupings may be explained by their inclusion criteria and differences in the nature

and natural history of IgAN lesions. While dealt with in more detail below, IgAN

lesions can be subclassified into active and chronic lesions. The former responds to

immunosuppressive therapy, while the latter does not. In traditional expert’s
opinion-based pathology, active lesions can be characterized by the presence of

various pathological parameters (mesangial hypercellularity, endocapillary

hypercellularity, and cellular crescents) and thus in these retrospective cohort

were most probably recognized and more likely to be treated by immunosuppres-

sive therapy. As the Oxford cohort limited the inclusion of early stage lesions by its
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inclusion criteria while the cohort of JHGC consists of earlier stage cases, it is

unsurprising that there may be differences in the rates of treatment. Additionally,

this difference in cohort composition may have biased the models selection of

significant outcomes, as if in the Japanese cohort, a higher proportion of early

lesions was included and treated parameters that are reversible upon steroid treat-

ment (such as those mentioned above) would not be independent predictors for

renal outcome in contrast to the Oxford study. Interestingly, fibrous crescents,

which are traditionally interpreted as a marker of lesions that will not respond to

steroid therapy, were selected as early progressor in the JHGC [7], which is in line

with the idea that these lesions are non-responsive to treatment. Such an assessment

was not made in the Oxford cohort as the quantification of fibrous crescents failed

the initial selection step of interindividual reproducibility [5, 6].

5.4 The Relative Advantages of a Lumped System

of Classification Compared to a Split System

of Classification

The purpose of the histological classification is principally to identify the risk of

progression of renal disease, enabling us to improve individual patient prognosti-

cation, to identify the potential for response to immunosuppression or other specific

treatments, and to refine recruitment to clinical trials. With these aims in mind, it is

important to look at the function of both the Oxford and JHG classification schemes

in meeting these needs. Before doing so, however, it is important to review the

natural history of IgAN in order to better understand the clinical implications of

various histological aspects of the disease, because renal biopsy to diagnose IgAN

is undertaken before therapy and is one of the main parameters used in classifying

disease course and subsequent treatment.

One important aspect of IgAN is that they can have very different disease

courses. A diagrammatic overview of the natural history of IgAN is shown in

Fig. 5.4. There are three types of disease courses expected by the clinician; rapidly

progressive, slowly progressive with acute exacerbation, and slowly progressive

type without acute exacerbation. These disease types are important as they have an

impact on the patient’s progression and guide clinicians in regards to treatment and

overall prognosis. In the early phase, active lesions are prominent and chronic

lesions are rare. Active lesions, which affect renal function, are characterized by

crescents. The frequency and/or severity of these lesions has traditionally guided

pathologists and clinicians in choosing immunosuppressant therapy for an individ-

ual patient. In addition to crescents within the acute lesions, mesangial hypercel-

lularity and endocapillary hypercellularity predict for lesions that will respond well

to immunosuppressant therapy and hence will not develop into chronic lesions

characterized by a greater degree of structural alteration. In contrast, glomerular tuft

necrosis can develop into cellular crescents and finally into more permanent
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structural alterations such as fibrocellular and fibrous crescent together with adhe-

sion and segmental sclerosis. Global sclerosis and TA/IF are terminal lesions of

fibrous crescent and segmental sclerosis and thus indicate more chronic disease. In

the majority of individual cases, the lesions of IgAN stand on the balance of acute

and chronic lesions. As renal biopsy is performed before a diagnosis and treatment

is made and is a static measure (i.e., may be performed at any point on the disease

course depending on how quickly the initial diagnosis was made), assessment of a

number of the factors above may be important in differentiating the three possible

disease processes present and the most appropriate choice of therapy.

With this aim, we would argue that the lumped system as used by the JHGC is a

more favorable procedure than that of split system used by the Oxford classification

system. The reason for this is that the Oxford classification system reduced the

complexity and diversity of the histology observed in the biopsy into a series of

dichotomous values (present/absent), thus potentially losing valuable information

on the pathology within the lesion. This is especially true when trying to assign an

individual to one of the three disease courses mentioned above. In addition, the

current Oxford system reports four independent parameters without any informa-

tion of how varied combinations of these parameters will interact. This means that

the utility that this classification scheme provides to clinicians, in terms of identi-

fying the disease course in patients, still relies on interpretation of the various

values from the pathology report.

In contrast, the JHGC utilizes a lumped system consisting of markers for both

chronic and active lesions and utilizes a scalar system in order to grade each

component (Fig. 5.3). In this system, four histological grades, HG 1, HG 2, HG

Fig. 5.4 Natural history of IgAN
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3, and HG 4, are assigned corresponding to<25 %, 25–49 %, 50–74 %, and�75 %

of glomeruli, exhibiting cellular or fibrocellular crescents, global sclerosis, seg-

mental sclerosis, or fibrous crescents. In addition, the JHCG then combines these

parameters to produce a singular lumped value incorporating all elements of the

classification. By this systemic scoring, the histology of the patients from early

phase of the disease to advanced phase can be graded, which correlates well with

grade of the renal functional deterioration (Fig. 5.4). The reproducibility of the

JHGC is 0.85 in ICC in a multicenter case-control prospective study in the IgAN

Study Group of the Progressive Renal Diseases Study Committee organized by the

Ministry of Health, Labor and Welfare (preliminary data), suggesting recognition

of glomerular lesion either cellular and fibrocellular crescent, global sclerosis,

segmental sclerosis, or fibrous crescent, and quantitative scoring of the summation

of the number of the constituting lesions can be a reproducible procedure. While

this approach needs further validation studies across a greater range of cohorts, we

believe that the greater overview of the lesion it provides makes it a better tool for

communication between pathologists and physicians as to the full nature of the

lesions observed in IgAN biopsies (Fig. 5.4). Indeed, the potential utility of a

lumped rather than split classification system has been highlighted by the sugges-

tion that the Oxford classification system could be improved by developing and

validating it in this manner.

5.5 Is Evidence-Based Classification Superior to Expert’s
Opinion-Based Classification?

As mentioned in the introduction, there is a continuing discussion of the merits of

evidence-based classification as opposed to expert opinion-based classification. In

this article, we have described two separate evidence-based classification systems

for IgAN lesions. The Oxford Classification of IgAN is the only classification of

glomerular disease that is rigorously evidence-based through the nature of its

development. In choosing the parameters to be included in the system, priority

was given to those that were statistically reproducible between individual pathol-

ogists, and only when histological characteristics were shown to be such were they

then tested for their ability to describe the disease course. Values that then predicted

outcome in the specific cohort selected for the development of this system were

subsequently dichotomized in order to produce the Oxford MEST classification

(Fig. 5.1). However, the limitation of such a purely evidence-based method may be

its ability to be generalized to a wide range of cohorts whose clinical parameters do

not match those used to develop the method. This could potentially be attributed to

its complete reliance on mathematical development without combining mathemat-

ical testing with understanding of the natural history and contributing histopathol-

ogy of the disease. This potential weakness is evident in the fact that none of the

validation studies of the Oxford classification described above completely
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confirmed the results from the original Oxford cohort regarding the predictive value

of M, S, and T scores.

One possible approach to overcoming this apparent limitation of an evidence-

based classification would be subclassification within any cohort in order to stan-

dardize patient background or treatment as shown in Fig. 5.2. For example, this

could be performed by classifying on a number of different parameters including

the aforementioned three different disease courses: early phase vs. advanced phase

of disease course; immunosuppressant therapy vs. without immunosuppressant

therapy; child vs. adults, mild proteinuria vs. severe proteinuria, and long-term

follow-up vs. short-term follow-up; and so on. By standardizing the clinical sub-

types of cohorts before generating evidence-based histological classification, pos-

sible variation limiting the generalizability of any individual classification scheme

may be avoided. However, even in this instance, the clinical utility of such

approaches may be limited by the necessity of making an initial expert-driven

decision as to which cohort a patient belongs to before applying the relevant

criteria.

As opposed to evidence-based classification systems, expert’s opinion-based

classifications are inherently more subjective and yet have for many years proved

of extreme utility in communication between pathologists and clinicians. Expert’s
opinion-based classification, including the characterization of histological features

decided among experts as applicable to clinical decision-making (e.g., lupus

nephritis [21], antineutrophil cytoplasmic autoantibody-associated glomerulone-

phritis [22], focal segmental glomerulosclerosis [23], and diabetic glomerulo-

sclerosis [24]) however have not been tested in the development process as to

their reproducibility or effectiveness in the same way that evidence-based medicine

approaches have been. Even lesions selected in a systematic manner, such as those

mentioned previously that are recognized by panels of experts as being important in

the analysis of IgAN, are currently grouped into descriptive classes within expert’s
opinion classifications rather than semiquantitative grades. Hence, as with the

evidenced-based approach, the expert’s opinion-based approach to describing

IgAN lesions needs further testing and refinement before being sure that they are

the most applicable means of classification. Ideally, this validation would take the

form of retrospective studies firstly to test the reliability and reproducibility of

expert’s production of classification without quantitative evidence and secondly to

test if this classification adequately captures the disease spectrum.

Between these two approaches, that of purely mathematical evidence-based

classification and purely descriptive expert opinion-based classification, there is a

middle road. Such an approach was taken by the JHGC in the hope that this could

combine the strengths while minimizing the disadvantages of the two approaches

above. In this manner, the JHGC was developed using evidence-based means but

was guided in its development by expert opinion’s understanding of the physiopa-

thology of these lesions. As shown in Table 5.1, each grade consists of a subgroup

including A, A/C, and C, which are proposal from expert’s opinion for clinical use.
In this approach, the selection of pathological parameters can be weighted on the

basis of our understanding of their role in disease development rather than in an
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entirely blind fashion. While this limits the claim to rigor in method development, it

may mean that parameters that are known to be generalizable across a wide disease

spectrum can be selected in preference to parameters that may be strongly recog-

nized and unique or specific in the one cohort. This middle road has been used with

success in other diseases, and until other approaches are validated with a greater

degree of rigor, this approach may be the best means to classify and hence

communicate the pathology of IgAN between health-care professionals.

The final goal of any classification system will be an ability to typify an

individual case with morphological diversity into a simple category of histological

classification, and doing this enables the pathology observed in the lesion to give

the appropriate information about the outcome and responsiveness and guide an

appropriate and effective therapy for any individual case. At present, none of the

classification systems described meets these ideal criteria. However, as a current

compromise, the JHGC incorporates some of the lesions diversity captured by the

expert opinion approach to grading while also incorporating some of the reproduc-

ibility and evidence-based values associated with the Oxford classification.

5.6 Conclusion

The two classifications, Oxford classification and JHGC, were compared

concerning classification system (split or lumped) and adopted parameters. Even

though JHGC was not produced with the same rigor as the Oxford classification, its

utility can be evaluated by the clinical information that it provides. A prospective

study from the work of the IgAN Study Group of the Progressive Renal Diseases

Study Committee under the auspices of the Ministry of Health, Labor and Welfare

is ongoing to show that the evidences that JHGC is reproducible and can predict

renal outcome in different cohorts with different follow-up periods, different stages

of the disease, and different therapies. In addition to this, the lumped system

employed by the JHGC more accurately captures the diversity of IgAN lesions,

allowing different courses of the disease to be distinguished from each other. Thus,

for the task of effective communication of lesion histology between pathologist and

clinician by a reproducible scoring system, the approach taken by the JHGC may

prove superior to the four-parameter Oxford classification. In this way, starting with

a subjective measure, such as expert option, that is subjected to and refined by

empirical validation may prove a more satisfactory approach to the development of

a classification system for IgAN. In this way, decades of sound knowledge regard-

ing the physiopathology of IgAN, even if acquired historically by trial and error,

can be incorporated into an empirically validated classification. Hence, in

addressing the aim to overcome the task of histological classification, lumped

system and/or expert’s opinion-based classification that has been developed and

validated in a number of studies may not be inferior to purely evidence-based

Oxford classification.
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Chapter 6

Podocyte Injury and Significance of Urinary
Podocalyxin and Megalin

Katsuhiko Asanuma

Abstract Several factors cause podocyte injury in IgA nephropathy (IgAN), which

leads to podocyte loss and progressive glomerulosclerosis. A new type of nonin-

vasive biomarker is needed to aid in the interpretation of the histological results of

IgAN patients. Podocalyxin (PCX), located on the apical cell membrane of

podocytes, is shed into urine from injured podocytes. High levels of urinary PCX

were detected in IgAN patients with acute extracapillary abnormalities. Megalin is

highly expressed at the apical membranes of proximal tubular epithelial cells. High

levels of urinary megalin were detected in IgAN patients with chronic

extracapillary abnormalities. Reliable urinary biomarkers could help us better

interpret the histological results of renal biopsies, which would greatly aid in the

design of a therapeutic plan for each IgAN patient.

Keywords Podocyte • Podocyte injury • Podocalyxin • Megalin

6.1 Introduction

IgA nephropathy (IgAN) is the most common pattern for primary chronic glomer-

ulonephritis, and a diagnosis of IgAN always requires renal biopsy [1]. An often

insidious progression to end-stage kidney disease is found in 25–40 % of cases and

is accompanied by the development of glomerulosclerosis [2]. The histological

characteristics of IgAN are mesangial cell proliferation, mesangial matrix expan-

sion, and mesangial IgA deposition [3, 4]. Activate mesangial cells secrete various

proinflammatory and profibrotic mediators of renal injury. These mediators cause

podocyte injury and PTEC activation, which drives tubulointerstitial abnormalities

[5, 6]. Continued immune complex deposition and mesangial cell activation lead to

progressive glomerulosclerosis through irreversible podocyte loss [7]. Lemley
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et al. reported that podocyte loss is associated with increased disease severity in

IgAN [8, 9]. Ongoing studies in many research groups are focused on understanding

podocytes under physiological and pathological conditions. Such studies will

potentially translate into better treatment and prevention of proteinuria and pro-

gressive glomerular diseases.

Research by Hara et al. provided evidence that detached podocytes in the urine

indicate podocyte injury in glomerulonephritis [10]. They also revealed a potential

causative role for prolonged urinary loss of podocytes in disease progression in

children with IgAN [11]. We showed that the number of urinary podocytes in adult

IgAN patients with segmental sclerosis in the Oxford classification was signifi-

cantly higher than that in patients without segmental sclerosis (Fig. 6.1) [12].

To more easily interpret the current histological results of patients suspected of

having IgAN, it is necessary to develop new noninvasive biomarkers.

6.2 Urinary Podocalyxin

Podocalyxin (PCX) is a sialomucin that is most closely related to CD34 and

endoglycan and is expressed by podocytes, hematopoietic progenitors, vascular

endothelia, and a subset of neurons [13]. PCX is usually located on the apical cell

membrane of podocytes and is shed into urine from injured podocytes [14]. Human

urinary PCX (u-PCX) originates not from podocyte exosomes but from the tip

vesiculation of glomerular podocyte microvilli [15]. Kanno et al. measured the

levels of u-PCX in children with glomerular diseases such as IgAN and concluded

that u-PCX was a useful biomarker for estimating the severity of active glomerular

injury and could serve as a urinary index of acute extracapillary abnormalities in

children [16]. Levels of u-PCX in adults with various forms of active

Pre
se

nt
Non

e
0

2

4

6

8

10

Segmental glomerulosclerosis

N
um

be
r o

f
ur

in
ar

y 
po

do
cy

te
(/m

g.
C

r)

p<0.01**Fig. 6.1 The number of

urinary podocytes in

patients with IgAN with

segmental sclerosis was

higher than those in patients

without (Modified from

Ref. [12])

90 K. Asanuma



glomerulonephritis were reported to be significantly higher than those in patients

with chronic glomerulonephritis in long-term remission [17]. We used the

Shigematsu classification to determine acute and chronic extracapillary abnormal-

ities [18]. We found a positive correlation between levels of u-PCX and acute

extracapillary abnormalities in adults with IgAN (Fig. 6.2) [12]. Conversely, levels

of urinary protein excretion did not correlate with acute glomerular abnormalities.

Acute extracapillary abnormalities can be followed by the detachment of podocytes

and glomerular basement membrane (GBM) denudation, which are the initial steps

in the development of glomerulosclerosis [19]. Possibly, u-PCX reflects acute

extracapillary abnormalities and is an index of ongoing podocyte injury leading

to glomerulosclerosis.

Several studies have shown that corticosteroid treatment decreases the levels of

urinary protein excretion and improves renal outcomes in patients with IgAN [20–

22]. Shoji et al. reported that early corticosteroid treatment for active and prolifer-

ative IgAN in adults was effective for reducing renal injury [23]. Immunosuppres-

sive treatment, including corticosteroids, is recommended for crescentic IgAN with

active glomerular inflammation [24]. These results suggest that the measurement of
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Fig. 6.2 Representative histological findings of acute extracapillary abnormalities stained with

periodic acid methenamine silver-Masson trichrome. (a) In grade 0, no acute extracapillary

abnormality was observed. (b) In grade 1, a small cellular crescent formation was observed

(arrow). (c) In grade 2, exudates that had escaped into the urinary space and a cellular crescent

were observed (arrows). (d) In grade 3, three cellular crescents were observed (arrows). (e)
Urinary podocalyxin was significantly correlated with the severity of acute extracapillary abnor-

malities in adult patients with IgAN (Modified from Ref. [12])
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u-PCX may be a useful biomarker to determine the effectiveness of corticosteroid

treatment.

6.3 Urinary Megalin (uMegalin)

Megalin is a large (600 kDa) glycoprotein that is a member of the low-density

lipoprotein receptor family [25, 26]. It is highly expressed at the apical membranes

of proximal tubular epithelial cells (PTECs) [27]. Megalin plays a central role in the

endocytotic functions of PTECs [27]. Low-molecular-weight protein markers of

PTEC injury, such as α1-microglobulin (α1-MG) and β2-microglobulin (β2-MG),

are filtered by glomeruli and reabsorbed by PTECs via megalin [28, 29]. Megalin is

detected in human urine, and increases in urinary megalin (uMegalin) excretion

appear in microalbuminuric patients with type 1 diabetes [30–33]. The levels of

uMegalin have been linked to the severity of diabetic nephropathy in type

2 diabetes [34].

To understand the relationship between the levels of uMegalin and renal histo-

logical findings in adult IgAN patients, we focused on uMegalin. The levels of

uMegalin, α1-MG, β2-MG, and N-acetyl-β-D-glucosaminidase (NAG) are not

correlated with tubular atrophy and interstitial fibrosis in the Oxford classification.

Surprisingly, however, the levels of uMegalin are correlated with chronic

extracapillary abnormalities, showing a distinctive significance compared to

preexisting urinary biomarkers (β2-MG, α1-MG, NAG, and urinary total protein)

(Fig. 6.3). In addition, the levels of uMegalin are correlated with mesangial

hypercellularity in the Oxford classification. Megalin is localized in the brush

border of proximal tubules, but not in the glomerulus in the human kidney

[35, 36]. There are two proposed mechanisms for uMegalin levels that reflect

glomerular abnormalities. The first theory is that glomerular abnormalities trigger

PTEC dysfunction, leading to the excretion of megalin in the urine. Although it

remains unclear how glomerular abnormalities lead to tubulointerstitial injury in

IgAN, a possible pathogenetic mechanism is glomerulopodocytic-tubular commu-

nication [37]. The second theory involves the possibility that PTEC dysfunction

aggravates chronic glomerular abnormalities. Selective PTEC injury reportedly

drives the formation of interstitial fibrosis and potentially glomerulosclerosis

[38]. The progression of PTEC injury may aggravate chronic extracapillary abnor-

malities and lead to glomerulosclerosis.

Supportive therapy with the cautious use of either angiotensin-converting

enzyme inhibitor (ACEI) or angiotensin II receptor blocker (ARB) should be

continued with IgAN patients in order to slow the process, although an eGFR that

is persistently less than 30 mL/min/1.73 m2 poses a substantial risk of progression

to end-stage renal disease (ESRD) [39]. ACEI or ARB is effective for long-term

renal survival of advanced IgAN patients whose histological findings contain

chronic glomerular abnormalities [40]. In future studies, we aim to clarify whether

uMegalin is a useful biomarker to determine the effectiveness of ACEI or ARB
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treatment. We also must examine the levels of uMegalin before and after the

treatment of IgAN patients.

In our study, levels of uMegalin were associated with dialysis that required risk

levels from the Clinical Guidelines for IgAN in Japan, third version [35, 41]

(Fig. 6.4). The Oxford classification of IgAN identifies four pathologic abnormal-

ities that independently determine the risk of developing progressive renal disease:

mesangial hypercellularity, endocapillary hypercellularity, segmental glomerulo-

sclerosis, and tubular atrophy/interstitial fibrosis [7, 42]. Levels of uMegalin were

correlated with only mesangial hypercellularity, according to the Oxford classifi-

cation. Although levels of urinary β2-MG were correlated with segmental

glomerulosclerosis, its urinary excretion offered no advantage over proteinuria to

predict the prognosis in IgAN patients [43]. Thus, there is a possibility that

uMegalin is an independent predictor of disease progression with IgAN. In future

studies, it will be necessary to perform a longitudinal study to follow up with IgAN

patients to determine whether uMegalin is a predictor.

The number of glomeruli obtained by renal biopsy was sometimes insufficient in

order to evaluate the severity of glomerular changes. However, because u-PCX and

uMegalin originate primarily from all nephrons in the kidney, the urinary bio-

markers seem to reflect the histological findings of all nephrons. Urinary bio-

markers might help us to speculate on the histological results of renal biopsy.

Grade 0 Grade 1 Grade 2 Grade 3

PAS

ba dc

e

Fig. 6.3 Representative histological findings of chronic extracapillary abnormalities stained with

periodic acid-Schiff (PAS). (a) In grade 0, no chronic extracapillary abnormalities were observed.

(b) In grade 1, a small adhesion with Bowman’s capsule was observed (arrow). c In grade 2, a

moderate fibrous crescent was observed (arrowhead). (d) In grade 3, a severe fibrous crescent was
observed (arrowheads). (e) There was a significant correlation between the levels of urinary

megalin and the severity of chronic extracapillary abnormalities (Modified from Ref. [35])
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In conclusion, the biomarkers u-PCX and uMegalin have a potential role as an

adjunct to the diagnosis of renal histology in IgAN patients.
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Chapter 7

Complement Activation

Isao Ohsawa

Abstract The complement system has devastating effects on several forms of

glomerulonephritis. Although the pathogenesis of IgA nephropathy (IgAN) has

heterogeneity, ample studies have clearly demonstrated that the alternative and

lectin pathways act as an enhancer of glomerular damage. However, certain ligands

of starter molecules in these two pathways are not yet identified. On the other hand,

the clinical progress of IgAN is often more than a decade, with the patients’
nutritional status fluctuating. An excess of nutrition might exacerbate the natural

course of IgAN. Actually, serum levels of C3 fluctuate with not only disease

activity but also metabolic parameters. Concomitant with recent genetic analysis,

we can deduce that the gene mutations of complement components and regulatory

proteins affect disease progression. Mannose-binding lectin (MBL) deficiency is

very common in a normal population, but conversely, patients with sufficient MBL

have a risk for a worse prognosis of IgAN. This review documents contemporary

information concerning the possible role of the complement system in the patho-

genesis of IgAN.

Keywords Alternative pathway • Factor H • Complement factor H-related

(CFHR) proteins • Lectin pathway • Mannose-binding lectin (MBL)

7.1 Introduction

A basic knowledge of the complement system seems to have become important,

and recent progress in complement research has unraveled a close relationship

between the complement system and the pathogenesis of many types of glomeru-

lonephritis. In patients with IgA nephropathy (IgAN), glomerular deposition of C3

is highly detected in glomeruli, and the detection rate is found in more than 90 % of

patients [1]. Other complement molecules, such as properdin, C5, and the C5b-9

complex, are co-localized in the glomerular mesangial areas, but C1q is absent and

there is an increase of C3 breakdown products in the serum of patients with IgAN.

As already mentioned, we have recognized that alternative pathway (AP) activation

I. Ohsawa (*)

Nephrology unit, Saiyu Soka Hospital, 1-21-37 Kitaya, Soka City, Saitama 340-0046, Japan

e-mail: iohsawa@juntendo.ac.jp

© Springer Japan 2016

Y. Tomino (ed.), Pathogenesis and Treatment in IgA Nephropathy,
DOI 10.1007/978-4-431-55588-9_7

97

mailto:iohsawa@juntendo.ac.jp


is involved in the pathogenesis of IgAN, whereas the classical pathway (CP) is

dissociated from IgAN [2]. However, there is accumulating evidence of lectin

pathway (LP) activation in the pathogenesis of IgAN. Furthermore, other topics,

such as the gene mutations of complement components and regulatory proteins and

the application of the anti-C5 antibody, have arisen.

7.2 Complement System

7.2.1 Three Activation Pathways

The complement system contains more than 30 plasma and membrane-bound pro-

teins, which originated from several gene duplications during human evolution

[3]. Activation through CP, AP, or LP merges at the proteolytic activation of C3 and

activates the complement late component, C5b-9 (membrane attack complex,

MAC). In our body, complement activation is a double-edged sword. On one

hand, it is vital for host defense (innate immunity), and on the other its resultant

inflammation can play a role in the pathogenesis of human diseases.

The trigger molecules are different in each of the three pathways (Fig. 7.1). CP

activation can start with C1q which is a part of C1qr2s2 complex and recognize

IgM- or IgG-binding immune complex (IC). C1q leads to the activation of its C1r

and C1s serine protease units, and C1s activates C4 and C2, resulting in the

formation of the C4b2a complex (C3 convertase). C3 convertase can cleave C3 to

C3a and C3b and initiate an amplification loop. C3 has few ligands and forms C3

(H2O), which depends on spontaneous hydrolysis, the so-called tick-over. C3(H2O)

exposes a factor B (fB) binding site. Subsequent proteolysis with factor D

(fD) forms C3(H2O)Bb (C3 convertase) [4]. AP is spontaneously and constantly

activated on the biological surface. Recently, a properdin-directed pathway (PDP)

was proposed, in which properdin is a starter molecule and can recognize pathogen-

associated molecular patterns such as glycosaminoglycan on the surface directly

[5]. Properdin also binds to either C3(H2O) or C3b. In the presence of fB and fD,

assembled C3bBb is stabilized with properdin (C3bBbP) and also initiates an

amplification loop. C3b covalently attaches with the target surface via amine and

carbohydrates and opsonizes them. LP can start with mannose-binding lectin

(MBL) and ficolins, which recognize carbohydrates on the surface.

MBL-associated serine protease (MASP) is functionally similar to C1s and cleaves

C4. The following cascade is the same as CP [6]. C3b binds with C3 convertase and

forms C5 convertase (C4b2a3b or C3bBb3b), as well as the subsequent cleavage of

C5 into C5a and C5b. The above three pathways converge with the late components

of the complement system. C5b assembles with C6, C7, C8, and C9 and results in

forming MAC. MAC inserts into cell membranes, culminating in cell lysis.
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7.2.2 Regulation Mechanism

The complement system is controlled by soluble and cell-bound regulators. The C1

inhibitor (C1-INH), which belongs to the serpin family, is only one strong inhibitor

in circulation for early components such as C1r, C1s, and MASP (Fig. 7.2)

[7, 8]. AP is controlled by two types of inhibition mechanisms, termed decay-

accelerating activity and cofactor-mediated cleavage. Decay-accelerating activity

dissociates C3 and C5 convertases. Cofactor activity cleaves C3b into iC3b

(inactivated form) and C3f with factor I. Plasma factor H (fH) and its truncated

form factor H-like protein-1 (FHL-1), plasma C4-binding protein (C4bp), cell-

bound complement receptor 1 (CR1, CD35), decay-accelerating factor (DAF,

CD55), and membrane cofactor protein (MCP, CD46) belong to regulators of the

complement activation family [9]. Cell-bound regulators, CD59, soluble clusterin,

and vitronectin, prevent MAC formation. Carboxypeptidase N (CPN) is a soluble
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Membrane attack complex; MAC(C5b-9) 

C5-convertase 
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Deposition of C3b 
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Fig. 7.1 Complement activation and regulation system. The complement system consists of more

than 30 molecules and forms three major pathways: the classical pathway (CP), alternative

pathway (AP), and lectin pathway (LP). Italic characters mean complement regulatory proteins.

C1-INH C1 inhibitor, MBL mannose-binding lectin, MASP MBL-associated serine protease, fB
factor B, fD factor D, fI factor I, fH factor H, FHL-1 fH-like protein-1, CFHR proteins complement

FH-related proteins
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protease that digests anaphylatoxin, C3a, and C5a and inactivates them into C3a

desArg and C5a desArg, respectively [4, 8].

7.2.3 Complement Production and Consumption

A detailed analysis of the role of the complement system in the pathogenesis of

glomerulonephritis would discriminate a subpopulation of patients from others. It is

emphasized that we need to have concern about the production, consumption, and

deficiencies of complement components. Complement deficiencies are common

genetic disorders. In most cases, heterozygotes produce one-half of the normal

plasma level of a specific complement protein. The frequency of deficiency of

C1-INH, MBL, C4, and C9 is approximately 1:50,000, 1:10, 1:3 (including partial

deletion), and 1:1000 (in Japanese healthy blood donors), respectively [10, 11]. In

an analysis of a patient with low CH50, we were first concerned with the possibility

of complement deficiencies. Next, we should take notice of overproduction of

complement components. The liver is the main source of these components.

Because the complement components belong to the acute reactive proteins, like

C-reactive protein, infections and chronic inflammation enhance the production of

complement components by hepatocytes [12]. Intriguingly, the target organ can

DAF
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C3 convertase
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BbC3b
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Fig. 7.2 Complement regulation mechanisms. Complement activation cascades are regulated by

humoral and cell membrane-bound molecules. DAF decay-accelerating factor, Bb activated split

form of factor B,MCPmembrane cofactor protein, CFI complement factor I, C1-INH C1 inhibitor

(The figure was modified from Kavanagh et al. [38])

100 I. Ohsawa



also produce the components in situ [13, 14]. For example, C3 is synthesized by

kidney resident cells and a single donor kidney is able to produce 5 % of circulating

C3 [13, 15]. Actually, we can see the fluctuations of complement levels in the

context of many clinical situations. The breakdown product of C3, C3a desArg or,

in another term, “acylation-stimulating protein (ASP),” is recognized as one type of

adipocytokine. Adipocytes also produce C3, fB, and fD, which are spontaneously

activated by the nearby adipocytes themselves. CPN splits C3a into C3a desArg and

arginine. C3a desArg has been recognized as an inactivated form of C3a, but

energetic studies identified it as a potent stimulator of glucose transport and

triglyceride synthesis in adipocytes [16, 17]. Then, the level of C3 increases in an

overnutrition state, such as metabolic syndrome, diabetes, or obesity (Fig. 7.3a, b).

Body mass index (BMI) and serum complement parameters such as C3, C4, and

CH50 have a positive correlation. Especially, the serum level of C3 has a strong

correlation with BMI and can fluctuate with insulin resistance. Cryoglobulin-

containing serum easily activates CP in test tubes (the so-called cold activation),

with the results of the serum level of components and the titer of CH50 being

overestimated [18]. Generally, in autoimmune diseases, such as lupus nephritis

(LN) and IgG4-related tubulointerstitial nephritis, IC activates CP. In these
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Fig. 7.3 Metabolic impact on the serum levels of C3 in hypertensive and/or chronic kidney

disease patients. (a) Correlations between serum levels of complement parameters and body mass

index. The serum levels of C3 presented the most significant positive correlation with body mass

index. (b) Fluctuations of serum levels of C3 and insulin resistance. Scatter plots of follow-up

differences in 35 subjects who were free of dietary restrictions at two time points in the following

6 months. The plots of 24 subjects (69.9 %) were located in the first quadrant or third quadrant and

showed a significant positive relationship. Insulin resistance was assessed using the homeostasis

model assessment (HOMA-IR) (The figure was modified from Ohsawa et al. [17])
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diseases, IC leads to the consumption of early components of CP in the fluid phase,

and laboratory data presents a low serum level of C4 and a low titer of CH50

[19]. Simultaneously, renal depositions of early components of CP, C1q, and C4

were observed. On the other hand, in the cases of post-streptococcal acute glomer-

ulonephritis (PSAGN), most patients presented a low serum level of C3, a low titer

of CH50, and glomerular depositions of C3. Thus, it is recognized that AP is the

main route of complement activation in PSAGN. From the viewpoint of excess of

AP activation, a newly defined clinical entity “C3 glomerulopathy,” which com-

prises of glomerular lesions with predominant C3 staining, was proposed. Although

this category contains cases of membranoproliferative glomerulonephritis (MPGN)

and dense deposit disease, many pathogenic abnormalities, such as fH mutations,

C3 gene variants, nephritic factors, anti-complement regulatory proteins, were

reported [20]. The histological damage of these cases was deduced due to

uncontrolled AP activation.

7.3 The Role of Complements in IgA Nephropathy: Fluid

Phase

Because serum levels of C3 and C4 fluctuate within the normal range, complement

activation in the fluid phase has not been focused on in clinical practice. However,

the ratio of the serum level of IgA and C3 (IgA/C3 ratio, more than 3.01) has

become a candidate biomarker for the diagnosis of IgAN [21, 22]. In this clinical

parameter, a low serum level of C3 contributes to the increase of the IgA/C3 ratio.

A cross-sectional study has also indicated that serum C3 levels do not increase

despite the elevated levels of other complement components in IgAN at the time of

biopsy (Table 7.1). These evidences suggest the possibility that the consumption of

serum C3 and MBL via AP and LP might be increased compared with hepatic

production of C3 and MBL [23]. Aggregated IgA, polymeric IgA, and chemically

deglycosylated IgA1 can activate directly with AP; however, the molecular basis

for this difference is not fully understood [24, 25]. To the best of our knowledge,

galactose-deficient IgA1 itself is able to activate C3 directly in fluid phase [26].

There is accumulating evidence to support a hypothesis of the occurrence of LP

activation in the pathogenesis of IgAN. Under-O-glycosylated IgA leads to the

polymerization of IgA [27], and purified polymeric IgA from patients with IgAN

can activate LP [28]. On the other hand, prominent ligands for MBL are mannose

and N-acetylglucosamine (GlcNAc), and ligands for ficolins are GlcNAc. Although

such an under-O-glycosylated IgA1 (N-acetylgalactosamine, GalNAc) from

patients with IgAN could potentially interact with plant lectins [29], GalNAc

residues cannot be recognized by MBL and ficolins. So far, certain ligands of

MBL and ficolin are yet to be defined. Secretory IgA (SIgA) is the first line of

defense in protecting the respiratory and intestinal tract and is a credible candidate.
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Since the N-glycans on the heavy chains of both IgA1 and SIgA2 present terminal

GlcNAc and mannose residues, they could be recognized by MBL and ficolins [30].

7.3.1 Fluctuation of Serum Level of C3 and MBL Deficiency

Because IgAN is a chronic glomerular disease and progresses gradually over the

long term, additional factors may have a lot of influence on the prognosis. We

reported on the fluctuations of the serum level of C3 over a long-term observation

(mean observation period, 6.7� 2.1 years) in 122 patients with IgAN. In the

patients whose renal symptoms, including hematuria, proteinuria, and estimated

glomerular filtration rate (eGFR), were improved, the serum level of C3 was

significantly elevated (Fig. 7.4) [31]. A subsequent analysis showed that body

mass index has a positive correlation with the serum levels of C3 and C4 (Table 7.2)

[32]. Thus, the levels and fluctuations of serum C3 and/or C4 might reflect the

disease activity and simultaneously, metabolic alteration in patients with IgAN,

leading us to believe that we have to pay attention when evaluating the serum levels

of complement components.

Functional MBL deficiency is involved in 10–20 % of the healthy population. It

is characterized by low levels of functional multimers due to a number of genetic

polymorphisms within the coding (codon 54 of exon 1 is the most common in

humans and it determines serum concentration and carbohydrate recognition
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Fig. 7.4 Fluctuations of serum levels of C3 in IgA nephropathy. Serum C3 levels of the

122 patients at the time of biopsy and last observation were collected. The patients whose

hematuria (a) and proteinuria (b) had disappeared presented significantly increased serum levels

of C3. Also the patients whose estimated glomerular filtration rate (eGFR) had been maintained

presented significantly increased serum levels of C3 (c) (The figure was modified from Suzuki

et al. [31])
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ability) and the promoter regions of the MBL2 gene (Fig. 7.5) [33, 34]. We previ-

ously compared the clinical backgrounds between MBL-sufficient patients of IgAN

and MBL-deficient patients of IgAN (Table 7.3) [35]. The mean urinary protein and

eGFR levels in MBL-deficient subjects were better than in MBL-sufficient subjects.

Pirulli et al. reported a similar distribution of polymorphism frequency between

healthy volunteers and IgAN patients [36]. Of great interest is whether a difference

can be found between MBL deficiency and MBL sufficiency at the onset and

progression of IgAN.

7.3.2 Mutation of CFHR Proteins

fH, a strong regulator of C3 convertase formation via the binding of C3b, has

binding sites to self-cell surface via glycosaminoglycan and thus is a biphasic

Table 7.2 Relationship of body mass index and clinical data by linear regression models in

patients with IgA nephropathy

R p

Uric acid (mg/dL) 0.4427 <0.0001

Triglyceride (mg/dL) 0.4231 <0.0001

C4 (mg/dL) 0.4179 <0.0001

Hemoglobin (mg/dL) 0.3540 <0.0001

C3 (mg/dL) 0.3575 <0.0001

HDL cholesterol (mg/dL) �0.3480 <0.0001

Creatinine (mg/dL) 0.3416 <0.0001

Systolic blood pressure (mmHg) 0.3311 <0.0001

Diastolic blood pressure (mmHg) 0.3052 <0.0001

(n¼ 193)

←329kb 
←245kb 

←84kb 

Fig. 7.5 Mbl-2 gene

polymorphism of eight of

mannose-binding lectin

(MBL)-deficient patients.

Codon 54 wild-type allele

showed two bands (245 bp

and 84 bp), the heterozygote

allele showed three bands

(329 bp, 245 bp, and 84 bp),

and the homozygote allele

only one band (329 bp) (The

figure was modified from

Ishii et al. [34])
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regulator of AP, namely, in the fluid phase and on the cell surface [37]. Complement

factor H-related (CFHR) proteins (CFHR1, CHFR2, CFHR3, CFHR4, and CFHR5)

are not able to bind any complement components, but inhibit binding activity

between fH and C3b [38]. The complement factor H (CFH) gene and CFHR1–
CFHR5 encoding five CFHR proteins are located in tandem in the regulators of

complement activation cluster at chromosome 1q32 [39]. Gharavi et al. identified

the gene deletion of CFHR3 and CFHR1 within the CFH locus by genome-wide

association study (GWAS) [40]. This CFHR3–CFHR1 homozygous deletion is

protective in the pathogenesis of IgAN, C3 glomerulopathy, and age-related mac-

ular degeneration [41, 42]. Recently, advanced data was reported, and minor allele

A of rs6677604, which is a noncoding single nucleotide polymorphism in intron

11 of the CFHR gene, highly tagged CFHR3–CFHR1 deletion [43].

7.4 The Role of Complements in IgA Nephropathy: Local

Tissue

Tomino et al. deduced that the polymeric form of IgA1 is predominantly eluted

from the renal tissues of IgAN patients [44]. Tomino and Conley et al. also con-

firmed the predominantly glomerular deposition of IgA1, rather than that of IgA2

[45, 46]. A subsequent report showed that patients with mesangial deposits of IgA1

and C3c showed no deposits of C4, MBL, and MASP-1. AP is certainly activated in

glomerulus [47]. Endo et al. first demonstrated that the glomerular deposition of

MBL/MASP-1 occurred in 25 % of cases of IgAN and that this was not observed in

the normal kidney and that the frequency was higher than that found in the other

forms of glomerulonephritis [48]. Patients with glomerular deposits of MBL/

MASP-1 were young, and the duration of the disease prior to renal biopsy was

short compared with that in patients without MBL/MASP-1 deposition. Therefore,

Table 7.3 Clinical background compared with MBL-sufficient and MBL-deficient patients with

IgA nephropathy

MBL sufficient MBL deficient

n 55 6

Gender (M/F) 22:33 3:3

Age (y) 30.6� 8.7 26.5� 6.7

Serum creatinine (mg/dL) 0.83� 0.30 0.71� 0.14

Estimated GFR (mL/min/1.73 m2) 85.3� 30.9 98.4� 13.8

Urinary protein (g/g·creatinine) 1.45� 1.58 0.69� 0.97

History of macrohematuria (%) 27.3 33.3

IgA (mg/dL) 316.9� 112.9 265.2� 69.6

C3 (mg/dL) 97.8� 15.8 93.2� 2.6

C4 (mg/dL) 21.9� 6.1 19.8� 6.6

CH50 (unit/mL) 40.1� 6.7 34.4� 3.4
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Roos et al. concluded that the glomerular activation of LP was associated with more

severe renal damage, as demonstrated by proteinuria, decreased renal function, and

more severe histological findings, such as mesangial proliferation, crescent forma-

tion, glomerular sclerosis, and interstitial fibrosis [26]. Because a recent cohort

study also confirmed the significance of MBL deposition in IgAN, the glomerular

deposition of MBL is a prognostic marker of IgAN [49].

In an experimental model, Hashimoto et al. analyzed the grouped ddY mouse,

which presents spontaneous IgAN [50]. They found that the complement compo-

nents belonging to LP and CP were deposited in glomeruli; furthermore, the serum

level of IgA–MBL complex and IgA–IgG2a complex was significantly higher

(Fig. 7.6). Further analysis of this model might unravel the pathogenic obscurities

between complement activation and IgAN.
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Fig. 7.6 Pathological role of lectin pathway and classical pathway in mouse model. (a) Mannose-

binding lectin (MBL) and MBL-associated serine protease (MASP)-2 were positive in glomerulus

obtained from grouped ddY (gddY) mice and negative in control mice (HIGA and Balb/c mice).

Serum levels of IgA–MBL-A immune complex (IC) and IgA–MBL-C IC were significantly higher

in gddY mice than those of HIGA and Balb/c mice. *p¼ 0.01, **p¼ 0.001. (b) The positive area

of glomerular C1q and C4 staining in gddY mice was stronger than that in HIGA mice. A: The
serum level of IgA was significantly higher in HIGA mice than in those of gddY and Balb/c mice.

However, the serum level of IgA–IgG2a IC was significantly higher in gddY mice than those of

HIGA and Balb/c mice (The figure was modified from Hashimoto et al. [50])
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7.4.1 Ligands for MBL

Hisano et al. reported that patients with mesangial deposits of IgA1 alone showed

no deposition of C4, MBL, and MASP-1, and patients with deposits of both of IgA1

and IgA2 showed depositions of C4, MBL, and MASP-1. They concluded that AP

activation occurs as a result of the mesangial deposition of IgA1 and that LP

activation is associated with mesangial deposition of IgA2 [47]. On the other

hand, Oortwijn et al. focused on SIgA and clearly demonstrated glomerular staining

of SIgA with MBL and C4d in the patients with IgAN [30].

Generally, the protease-damaged surface of glomerular resident cells or apopto-

tic cells can be recognized by MBL. In regard to patients of lupus nephritis (LN),

we recently proposed that positive glomerular staining for annexin V would be seen

in the majority of patients who had confirmed glomerular deposits of MBL,

L-ficolin, and properdin [51]. Further examinations will also be necessary to

elucidate the initial activator of LP in situ.

7.4.2 Other Histological Significances of Complement
Deposition

Two recent studies focused on the glomerular deposition of C4d and revealed that

renal survival was significantly more ameliorated in patients of C4d-negative IgAN

than in those of C4d positive [52, 53]. The 3-year renal survival rate was 39 % in

C4d-positive patients and 66 % in C4d-negative patients, and the 20-year renal

survival rate was 28 % in C4d-positive patients and 85 % in C4d-negative patients.

In these studies, C4d-positive IgAN also presented higher blood pressure, urinary

protein, and findings of segmental sclerosis and tubular damage than in those of

C4d-negative IgAN. It is deeply interesting that these factors are the same as

previously recognized independent worsening factors in IgAN. Thus, the presence

of mesangial deposits of C4d may help us to identify patients with a worse

prognosis.

Mesangial C3 deposition is highly observed in more than 90 % of renal speci-

mens in IgAN [1, 54]. Although we also encounter the extraglomerular deposition

of C3 (ex-C3) in the results of a routine histological study (Fig. 7.7), these findings

have received less attention in the pathogenesis of IgAN. We analyzed 170 patients

who were diagnosed with IgAN [55]. 79 cases presented C3 deposition in glomeruli

without other ex-C3 deposits, and 91 cases presented C3 deposition with ex-C3

deposition located in Bowman’s capsules and/or afferent and efferent arterial walls.
Valenzuela et al. suggested that passive diffusion probably does not explain ex-C3

deposition, and a drainage pathway of IC, which connects from the intraglomerulus

to extraglomerulus, is assumed. Because the intraglomerular mesangial matrix is

continuous to the extraglomerular mesangial matrix in the juxtaglomerular region,

as shown in several tracer injection studies, arteriolar C3 deposits might be derived
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from paramesangial areas [56–58]. We also speculated that an IC that consists of C3

is able to translocate from the paramesangial region to Bowman’s capsule through
the adhesive lesion between the glomerular capillaries and Bowman’s capsules. In
our study, the cases of ex-C3 deposits presented distinct clinical characteristics,

such as hypertension and dyslipidemia at the time of renal biopsy. Especially, in the

cases of ex-C3 deposits with obeity, the conventional symptomatic therapy resulted

in their worse prognosis. Thus, we need to highlight the metabolic impacts on the

progression of IgAN patients who have ex-C3 deposit.

ba

dc

Fig. 7.7 Staining pattern of C3 deposition of IgA nephropathy (�200). Representative immuno-

fluorescence photograph of IgA nephropathy. (a) C3 deposits in mesangial area. (b–d) These

glomeruli have mesangial and extraglomerular deposits of C3 (arrow, afferent and/or efferent
arteriolar deposition; arrow head, Bowman’s capsule deposition) (The figure was modified from

Ohsawa et al. [55])
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7.5 New Insights

Several pathogenic viral and bacterial antigens have been proposed as being

responsible for the formation of mesangial deposits of IgA, and infection might

trigger the onset and progression of IgAN [59, 60]. Gong et al. described the

association of the MBL polymorphism of codon 54 and infection in patients with

IgAN [61]. In that report, patients carrying the variant allele (GAC) had episodes of

upper respiratory or gastrointestinal infections prior to onset, or exacerbation of

IgAN, which are absent in wild homozygotes (GGC/GGC).

In other types of glomerular disease, such as membranous nephropathy and LN,

patient’s urine contains complement regulatory proteins and MAC, amounts of

which fluctuate with disease activity [62–64]. We found strong associations

between the urinary level of fH and that of MAC along with the disease progression

of IgAN [65]. Also, urinary levels of fH and MAC were positively correlated with

serum creatinine, urinary N-acetyl-ß-D-glucosaminidase, urinary ß2-

microglobulin, urinary protein, the degree of interstitial fibrosis, and the percentage

of global glomerular sclerosis. Recently, Liu et al. showed that urinary MBL and C3

are candidates for predicting biomarkers for IgAN [66]. Especially, in urinary

MBL, the concentration of MBL was significantly elevated along with histological

damage, estimated GFR, and proteinuria.

Looking at recent progress, the pathological importance of LP activation and

properdin are in focus for kidney diseases. In the case of LN, LP and PDP might be

activated via the recognition of surface molecules of glomerular resident cells,

which are usually hidden in the cell membrane [51, 67]. On the other hand,

properdin can directly bind to proximal tubular epithelial cells (PTEC) and accel-

erate PTEC damage via AP activation by surpassing fH regulation [67]. The

pathophysiological significance of PDP will be mandatory in the search for renal

damage mechanisms.

To elucidate the participations of complement system paves to develop the new

therapeutic strategies. The anti-C5 monoclonal antibody eculizumab® achieves

therapeutic success in atypical hemolytic uremic syndrome and C3 glomerulopathy

[68]. A constant region of eculizumab consists of IgG4 that lacks the ability to bind

to the Fc receptor and to activate complements via CP. The following case report is

interesting: a 16-year-old male presented rapidly progressive glomerulonephritis

with heavy proteinuria, and his histological diagnosis was IgAN [69]. In spite of

aggressive immunosuppressive treatment, his renal function had been worsening.

The induction of eculizumab for 3 months was able to rescue renal function, and

discontinuation of eculizumab resulted in deterioration of renal function. We have

to explore the application of eculizumab and develop new complement-directed

drugs.
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7.6 Conclusion

A deeper understanding of the mechanism of complement activation may help to

elucidate the pathogenesis of IgAN. This chapter summarizes the current knowl-

edge of the role of the complement system in the pathogenesis of IgAN. Because

traces of LP activation in the fluid phase and local glomerular tissues have accu-

mulated, it appears that the activations of AP and LP are very much involved in the

pathogenesis of IgAN.

Conflict of Interest The author declares that he has no conflict of interest.
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Part II

Treatment



Chapter 8

How Different Are the Current

Understandings of Treatments for IgA

Nephropathy?

Hitoshi Suzuki

Abstract IgA nephropathy (IgAN) is a common autoimmune renal disease

resulting in renal failure in patients with massive proteinuria. About 15–20 % of

IgAN patients will progress to end-stage kidney disease (ESKD) within 20 years.

Several risk factors for the progression of IgAN include massive proteinuria,

hypertension, global sclerosis, crescent formation, and tubulointerstitial fibrosis.

Worldwide, therapeutic options are limited, but include nonspecific treatments to

reduce proteinuria through renin-angiotensin system inhibitors (RAS-I). Another

strategy, used to control chronic inflammation, includes tonsillectomy and the use

of immunosuppressive agents such as corticosteroids and mycophenolate mofetil.

A paucity of high-quality clinical trials has meant that the evaluation of immu-

nosuppressive therapies has been difficult and there remains a great deal of confu-

sion over the optimum treatment of patients with IgAN. Therefore, physicians have

been left to manage patients with generic therapies, mainly by control of blood

pressure and renin-angiotensin blockade. There are currently controversies on the

definition and treatment of progressive IgAN. Here is the review about the evidence

for existing treatment choices and the differences in current understanding of

treatments of IgAN worldwide.

Keywords RAS inhibitor • Immunosuppressive therapy • Tonsillectomy

8.1 Introduction

More than four decades have passed since IgAN was first described by Berger and

Hinglais in 1968 [1]. Patients typically present with microscopic or gross hematuria

with mild to moderate proteinuria and a variable degree of renal insufficiency

[2]. Accumulated experience has suggested a poor renal outcome for patients

with significant proteinuria [3]. It is estimated that 15–20 % of patients with
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IgAN will reach end-stage kidney disease (ESKD) within 10 years after disease

onset if left untreated [4]. The pathogenesis of IgAN is being elucidated, with new

insights into the contribution of circulating immune complexes formed with aber-

rant glycosylated IgA1 and autoantibodies [5].

Massive proteinuria is a major risk factor for disease progression [6]. Interven-

tion to reduce proteinuria using renin-angiotensin system inhibitors (RAS-I) is the

mainstay treatment. Our current understanding of the initial pathogenic steps in

IgAN provides a relatively limited rationale for immunosuppressive therapy. How-

ever, it is conceivable that immunosuppressive therapy might affect secondary

inflammatory events triggered by glomerular immune deposits. Some randomized

clinical trials on corticosteroid monotherapy, mycophenolate mofetil monotherapy,

or immunosuppressive combination therapy have provided evidence for a benefit

on either surrogate parameters, such as proteinuria, or hard end points such as renal

failure. According to the 2012 Kidney Disease: Improving Global Outcomes

(KDIGO) guidelines, consideration for glucocorticosteroids should be given to

patients with persistent proteinuria greater than or equal to 1 g per day [7]. Various

therapeutic approaches, such as RAS-I, antiplatelet drugs, anticoagulants, fish oil,

corticosteroids, and tonsillectomy plus steroid pulse (TSP) therapy, have been

proposed for the treatment of patients with IgAN. As such, here is the review

about the therapeutic options available and differences in the current understanding

of the treatment of IgAN.

8.2 Supportive Treatment Strategies

Patients with IgAN who have preserved renal function, microhematuria, and min-

imal proteinuria generally have a benign natural history [8, 9]. However, protein-

uria is a continuous risk factor for the progression of IgAN. Registry data

demonstrated that a reduction of proteinuria to less than 1 g/day results in signif-

icantly improved renal function [10]. Thus, there is consensus that RAS-I should be

maximized and blood pressure should be controlled before considering other forms

of treatment.

8.2.1 RAS Inhibitor (RAS-I)

Antiproteinuric therapy achieved via a blockade of RAS is established firmly for

IgAN patients [11]. Praga et al. also noted significantly better renal survival in

patients receiving angiotensin-converting enzyme inhibitors (ACEI) as compared

with those receiving other classes of antihypertensive agents, despite identical

blood pressure levels over the observation period [12]. The same conclusion was

reported by Coppo et al. [13]. A similar benefit was verified for angiotensin II

receptor blockers (ARB) in Hong Kong [14]. However, treatment with any RAS-I

was prohibited for normotensive patients in Japan by the Japanese Pharmaceutical
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and Medical Devices Agency. Moreover, many physicians hesitate to prescribe

RSA-I to young women of marriageable age due to the risk of teratogenicity. Of

note, a significant proportion of patients will not achieve a reduction of proteinuria

to less than 1 g/day despite a maximal dose of RAS-I. The choice of any additional

therapy remains controversial to decrease the risk of progression.

8.2.2 Fish Oil

Fish oil contains the compound omega-3 polyunsaturated fatty acid and reduces

renal inflammation by mitigating inflammatory cytokines and eicosanoids in IgAN

[15]. The Mayo Clinic multicenter study tested a placebo (olive oil) versus fish oil

(1.87 g of eicosapentaenoic acid and 1.36 g of docosahexaenoic acid) on

106 patients with IgAN [16]. The trial end point was a 50 % or greater rise in

serum creatinine. Following a 2-year treatment period, 6 % of patients in the fish oil

group, as compared to 33 % in the placebo group, had reached the trial end point

(P< 0.01). After 4 years, only 10 % in the fish oil group, as compared to 40 % in the

placebo group, had ESRD or had died (P< 0.01). Therapy with fish oil in the trial

did not significantly reduce proteinuria when compared to the placebo.

8.2.3 Antiplatelet Agents and Anticoagulants

Less well-established non-immunosuppressive approaches to patients with IgAN

include fish oil, antiplatelet drugs, and anticoagulants. Antiplatelet drugs and

anticoagulants are used mainly in Asian countries for the treatment of IgAN. A

few studies have suggested a benefit from dipyridamole and warfarin as compared

with no medication [17, 18].

A systematic review of the benefits of fish oils, anticoagulants, tonsillectomy,

and RAS-I has provided valuable insights into the role of non-immunosuppressive

therapies for IgAN [19]. Evidence accumulated from 56 studies and 2838 partici-

pants showed that only RAS-I provided a useful intervention, mainly by reducing

proteinuria. Other non-immunosuppressive modalities had a lack of evidence,

through randomized trials, to demonstrate treatment efficacy in IgAN.

8.3 Indications of Immunosuppressive Therapy

The treatment of patients with slowly progressive IgAN or those at low risk for

progression currently represents a dilemma. IgAN is an autoimmune kidney disease

resulting in intrarenal inflammation and kidney injury. Immune modulation

targeting the pathogenic pathway may alter the natural history of disease
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progression. Although there are a few studies that convincingly describe the benefit

of immunosuppression, there are an equal number of studies reporting the benefit of

supportive therapy. It also noteworthy that the addition of an ARB to corticosteroid

monotherapy resulted in a considerable benefit, whereas corticosteroid without a

RAS-I failed to protect from progression to renal failure [20].

8.3.1 Corticosteroid

The use of corticosteroids for IgAN began in the 1980s [21, 22] and at present

remains a choice for patients with moderate to severe proteinuria. In 1999, Pozzi

et al. published a randomized controlled trial in patients with a glomerular filtration

rate (GFR) greater than 70 mL/min. Patients were assigned randomly to supportive

therapy only or additional corticosteroids [23]. In a 10-year follow-up study of the

population, serum creatinine levels had doubled in 2 % of patients in the steroid

group versus 30 % in the control group [24]. In 2003, Katafuchi et al. reported a

randomized controlled trial in which patients administrated oral corticosteroids as

compared with patients in the control group. Although renal survival was not

improved by the corticosteroids, proteinuria decreased in the corticosteroid group

[25]. The targets of glucocorticosteroid therapy in IgAN remain speculative, but it

may improve intrarenal inflammation due to mesangial deposition of nephritogenic

IgA. Nevertheless, a systematic review by the Cochrane Group identified 13 trials

(623 patients) with placebo-controlled groups to assess the pros and cons of

immunosuppression therapy in IgAN [26]. Analysis found that glucocorticosteroids

resulted in a lower risk of ESKD (95 % CI: 0.25–0.80) and proteinuria (95 % CI:

�0.72 to �0.12) in patients with IgAN.

8.3.2 Mycophenolate Mofetil

Mycophenolate mofetil (MMF) reversibly inhibits inosine monophosphate dehy-

drogenase (IMDPH) thus disrupting the de novo purine biosynthetic pathway

required by B and T lymphocytes. Approved in 1995 by the US Food and Drug

Administration (FDA) to prevent transplant rejection, MMF has been tested in

proliferative lupus nephritis and shown to be non-inferior to cyclophosphamide

for inducing remission [27]. The initial experience of MMF in IgAN was reported

by Maes et al. [28]. Compared to the placebo group, no difference was seen in

proteinuria and worsening of serum creatinine after 36 months of therapy with

MMF. A North American experiment that randomized patients to MMF or placebo

reported no benefit after a year of MMF therapy in patients with stage III chronic

kidney disease and a mean daily proteinuria of greater than 2 g [29]. The most

recent report providing longer follow-up data on 40 Chinese patients with mild

histological lesions did show a benefit in reducing the composite end points of the
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doubling of serum creatinine or ESKD [30]. Although MMF appears to be a

promising method to reduce proteinuria and prevent ESKD, further studies are

necessary to determine its efficacy in IgAN [31, 32].

8.4 Tonsillectomy Plus Steroid Pulse (TSP) Therapy

Since TSP therapy was first reported by Hotta et al. in 2001 [33], many of the

benefits of TSP therapy have been reported, especially in Japan. About 50 % of

patients achieved clinical remission, defined as no urinary abnormalities, 1 year

after TSP therapy [34]. Pozzi et al. also reported that the clinical remission rate with

TSP therapy was superior, as compared with steroid monotherapy (59.7 vs. 35.3 %,

P< 0.01) [24]. Moreover, Xie et al. demonstrated that tonsillectomy improved

renal survival in IgAN patients with an observation period of 20 years [35]. In a

Chinese study, the clinical remission rate was higher in patients with tonsillectomy

than in those without tonsillectomy [36]. Recently, many patients with IgAN and

their families have realized the efficacy of TSP therapy through the Internet and

have asked nephrologists about TSP therapy. On the other hand, Rasche

et al. reported that tonsillectomy showed no efficacy in patients with progressive

conditions of IgAN in a retrospective cohort study [37]. Although TSP therapy is

more effective than corticosteroid therapy or antiplatelet therapy in terms of 8-year

renal survival rates (82.8 % vs. 51.0 % vs. 45.1 %, respectively), there was no

significant difference among the patients whose baseline serum creatinine was

>2.0 mg/dl [38]. Miura et al. evaluated the efficacy of TSP therapy in a multicenter

retrospective study and concluded that TSP therapy was effective for patients with

an early stage, i.e., within 5 years from the onset, with the amount of proteinuria

<1.1 g and serum creatinine levels <1.5 mg/dl [34]. Recently, a multicenter

randomized controlled trial of TSP therapy was reported [39]. TSP therapy has

greater effect in attenuating proteinuria as compared to steroid pulse therapy.

8.5 Conclusion

Despite progressive advances in our understanding of the pathogenesis of IgAN,

there is still no specific treatment to inhibit the production of Gd-IgA1 and

autoantibodies or to prevent its glomerular deposition. Therefore, treatment options

focus on modulating immune responses and inflammatory events. Most current

treatment strategies are common to other types of chronic kidney diseases, such as

RAS-I, control of blood pressure, and dyslipidemia. Thus far, no medications have

been approved by the FDA specifically for IgAN. The availability of new agents

with novel mechanisms and activities against the humoral immune response may

for the first time allow targeted treatment in IgAN.
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Appendix

Results from a questionnaire for the audience at the “Clinical Symposium on IgA

Nephropathy” at the 14th Asian Pacific Congress of Nephrology held in Tokyo in

2014 (President: Prof. Yasuhiko Tomino).

Questionnaire: What course of treatment would you suggest for patients with

IgAN?

Case 1 46-year-old male with no medication (see Fig. 8.1 for the questionnaire

result)

In January 2014, BP 124/68, proteinuria 1.5 g/day, urinary RBC 5-9/HPF, eGFR

55 mL/min/1.73 m2. Renal biopsy: acute lesion (endocapillary hypercellularity)

(þ), chronic lesion (þ). In May 2014, BP 124/68, proteinuria 1.5 g/day, urinary

RBC 5-9/HPF, eGFR 55 mL/min/1.73 m2.

Case 2 48-year-old female with no medication (see Fig. 8.2 for the questionnaire

result)

In November 2013, BP 128/78, proteinuria 1.8 g/day, urinary RBC11-20 /HPF,

eGFR 100 mL/min/1.73 m2. Renal biopsy: acute lesion (endocapillary hypercel-

lularity) (þ). After 6 months of medication with ACEI, in May 2014, BP 118/70,

proteinuria 1.2 g/day, urinary RBC 11-20/HPF, eGFR 100 mL/min/1.73 m2.

Observation: 0%

RAS-inhibitor:

26%

Oral corticosteroid:

27%

Corticosteroid pulse therapy:

19%

Other immunosuppressant: 0%

Tonsillectomy plus corticosteroid pulse therapy:

28%

Answers selected by the audience (single answer choice)Fig. 8.1 Answers selected

by the audience for Case 1
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Chapter 9

Prognostic Indicators and Treatment of IgA

Nephropathy in China

Wei-Bo Le and Zhi-Hong Liu

Abstract IgA nephropathy (IgAN) accounts for 45 % of the primary glomerulo-

nephritis in China. The 10- and 20-year cumulative renal survival rates were 83 %

and 64 %, respectively, in a cohort of 1,155 Chinese patients with IgAN. The levels

of estimated glomerular filtration rate (eGFR), proteinuria, hypoproteinemia,

hypertension and hyperuricemia are the five most important clinical risk factors

independently associated with renal outcome. Pathologically, the lesions of

mesangial proliferation and tubular interstitial fibrosis correlated independently

with prognosis of patients with IgAN. IgAN patients with minimal change disease

and those with recurrent macro-hematuria are considered distinct subtypes of IgAN

and have a relatively favorable renal prognosis. Using repeat renal biopsy data, we

found that active proliferative lesions (glomerular endocapillary hypercellularity,

crescent, or necrosis) are reversible after immunosuppressive treatment. The renal

pathological lesion-based guidance for treatment options provides new tools for

individual therapy in IgAN patients.

Keywords IgA nephropathy • Prognosis • Treatment

9.1 Introduction

IgA nephropathy (IgAN) is the most common primary glomerulonephritis world-

wide and is particularly prevalent in Asia [1]. IgAN accounts for 45 % of the

primary glomerulonephritis in China [2]. The clinical course of IgA nephropathy is

variable, and renal outcome varies widely in patients with IgAN from different

ethnic groups. Recent data have shown that patients of Pacific Asian origin with

IgAN have a higher risk of progression to end-stage renal disease (ESRD) than

those from North America [3]. Long-term natural history studies in developed

countries have demonstrated that the rate of progression has an extremely wide

range, from 10 to 25 % within 10 years and 25–50 % within 20 years [1, 4]. How-

ever, long-term renal outcome and related risk factors for IgAN in large cohorts of
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Chinese patients remain unclear. Treating IgAN remains challenging because no

disease-targeted treatments for IgAN exist, and relatively a few clinical randomized

controlled trials (RCTs) have been conducted.

9.2 Long-Term Renal Outcome in Chinese Patients

with IgA Nephropathy

To identify long-term renal outcome of IgAN in Chinese patients, we analyzed

1,155 patients with biopsy-proven primary IgAN in the Nanjing Glomerulonephri-

tis Registry diagnosed from 1989 to 2005 [5]. Of the 1,155 patients, 50.3 % were

female. The mean age at the time of initial clinical manifestations was 31� 9 years

old. Approximately 36 % of patients had macroscopic hematuria before renal

biopsy, and 14 % of cases had a history of recurrent macroscopic hematuria.

Thirty-one percent of patients had hypertension (>140/90 mmHg) before renal

biopsy. Only 7 % of patients had a family history of kidney disease. The median of

24-h urinary protein excretion at biopsy was 0.89 g/day. Approximately 44 % of the

enrolled patients had proteinuria >1.0 g/day, but only 7 % of the cases had

proteinuria >3.5 g/day. The distribution of patients by chronic kidney disease

(CKD) stage at biopsy using the MDRD formula was 47.6 % in Stage 1, 31.6 %

in Stage 2, 18.3 % within Stage 3, 1.9 % within Stage 4, and 0.6 % within Stage 5.

Within a median follow-up of 5.4 years, 108 (9.4 %) patients developed ESRD

(eGFR <15 mL/min/1.73 m2, initiation of dialysis or transplantation), and

163 patients (14.1 %) achieved the combined renal outcome (50 % decline in

eGFR or ESRD). As shown in Fig. 9.1a, the 10-, 15- and 20-year cumulative

renal survival rates after renal biopsy, calculated by Kaplan–Meier methods, were

Fig. 9.1 Kaplan–Meier renal survival from renal biopsy (a) and disease onset (b) in 1,155 patients

with IgAN. ESRD end-stage of renal disease
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83 % (95 % CI, 79–87 %), 74 % (95 % CI, 67–81 %), and 64 % (95 % CI, 54–77 %),

respectively. The 10-, 15- and 20-year cumulative renal survival rates after renal

disease onset were 90 % (95 % CI, 88–92 %), 81 % (95 % CI, 77–85 %), and 77 %

(95 % CI, 73–82 %), respectively (Fig. 9.1b).

For patients with proteinuria >1.0 g/day at biopsy, the 10-, 15- and 20-year

cumulative renal survival rates from renal biopsy were 71 %, 63 %, and 54 %,

respectively, and the 10-, 15- and 20-year cumulative renal survival rates from renal

disease onset were 83 %, 72 %, and 67 %, respectively (Fig. 9.1).

The 20-year renal survival rate after renal biopsy in this cohort of patients (64 %)

was highly similar to those of patients from Japan and Korea. A study of 1,012

patients in Japan reported that the 20-year cumulative survival rate from renal

biopsy to ESRD was 66.6 % [6], and a study of 1,364 patients in Korea reported

that the 20-year cumulative renal survival rate was 66.9 % [7]. The variability in

renal outcome of IgAN in different studies may account for the difference in

indications of kidney biopsy and health screening practice to some extent. Patients

with selective biopsy indications would have lower renal survival rates. In this

study, the indication of renal biopsy was relatively less selective, as suggested by

the lower incidence of renal insufficiency (21.3 %), proteinuria >1.0 g/day

(43.4 %), and hypertension (29.7 %) at the time of biopsy.

9.2.1 Long-Term Renal Outcome in IgA Nephropathy
Patients with Recurrent Macro-Hematuria

Macro- and microscopic hematuria are frequent in patients with IgAN. However,

the prognostic value of hematuria is highly complex in patients with IgAN. The

persistent microscopic hematuria is associated with an increased incidence of renal

failure, whereas episodic recurrent macro-hematuria (MH) is associated with rela-

tive benign renal outcomes [1, 8, 9].

Patients with recurrent hematuria (MH) (RMH, episodes of MH�2 times,

episode intervals >1 months) are a distinct subtype of IgAN [5]. Of the 1,155

patients with IgAN, 158 (14 %) of them presented with a history of RMH at biopsy.

Compared with patients without a history of MH (NMH), patients with RMH were

younger and more likely to be female and had lower proteinuria, a lower incidence

of hypertension, a higher eGFR, a lower level of mesangial hypercellularity and

segmental glomerulosclerosis, and a lower level of tubular atrophy. More impor-

tantly, as shown in Fig. 9.2, the long-term renal prognosis in RMH patients is

dramatically better than that in NMH patients. The renal prognosis of patients with

RMH was also better than those with isolated MH (IMH, one episode of MH)

[10]. During a median follow-up of 7.9 years, the 10- and 20-year cumulative renal

survival rates after biopsy, as calculated by K–M methods, were 91 % and 91 % in

the RMH group, 89 % and 64 % in the IMH group, and 79 % and 57 % in the NMH

group, respectively.
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Why patients with recurrent episodes of MH had relative benign renal outcomes

remains unknown. It has been hypothesized that a kidney injury mechanism, mainly

triggered by an upper respiratory infection, is more evident but discontinuous in

patients with RMH, whereas in those without RMH, the injury mechanism is less

potent but persists and could induce more severe and progressive kidney damage

over time [1]. Moreover, little is known about the molecular mechanisms that cause

episodic MH in IgAN [11].

9.2.2 Long-Term Renal Outcome in IgA Nephropathy
Patients with Minimal Change Disease

There is another special entity of IgAN called IgAN with minimal change disease

(MCD-IgAN), which was first reported in 1986 [12]. Those patients clinically

present with nephrotic syndrome and a lack or mild degree of microscopic hema-

turia and have good response to corticosteroid therapy; meanwhile, pathologically,

they have mild glomerular lesions under light microscopy, diffuse IgA-dominant

depositions in mesangial region, and diffuse effacement of podocyte foot process

and mesangial electron-dense deposition under electron microscopy. MCD-IgAN

accounted for 2.6 % of the total biopsy-proven IgAN in our center. However, the

clinicopathological characteristics and long-term renal outcome of MCD-IgAN in

large cohorts have not yet been well described.

A retrospective review of 247 cases of biopsy-proven MCD-IgAN from the

Glomerulonephritis Registry in Jinling Hospital was performed to characterize its

clinicopathological features, treatment response, and long-term prognosis. In this

cohort of patients, there was a male predominance (67.7 %), with an average age of

27.1� 11.0 years at biopsy. Pathological data revealed that 34 patients (13.7 %) had

Fig. 9.2 Kaplan–Meier renal survival curve in IgAN patients with different MH patterns. NMH no

history of macro-hematuria, IMH isolated onset of macro-hematuria, and RMH recurrent onset of

macro-hematuria
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moderate to severe acute tubulointerstitial lesions and that 11 cases (4.5 %) had

mild chronic tubulointerstitial lesions. After an 8-week course of corticosteroid

therapy, a complete remission of proteinuria was observed in 216 patients (87.4 %),

partial remission was observed in 21 patients (8.5 %), and no remission was

observed in 10 patients (4.0 %). No patients with MCD-IgAN progressed to

ESRD. MCD-IgAN patients had significantly better renal outcome compared with

the cohort of 1,155 IgAN patients reported previously (Fig. 9.3).

9.3 Prognostic Indicators in IgA Nephropathy

9.3.1 Clinical Prognostic Indicators

It is important to predict which patients are at high risk of progression and should be

treated. Using the 1,155-patient follow-up data, a univariate Cox regression model

found that eGFR, hypertension, proteinuria, hypoproteinemia, hyperuricemia,

hypercholesterolemia, hypertriglyceridemia, and body mass index (BMI) were

associated with a combined renal outcome (ESRD or 50 % drop in eGFR) during

follow-up. Multivariate Cox model confirmed that eGFR, proteinuria,

hypoproteinemia, hypertension at presentation, and hyperuricemia were the five

most important clinical predictors independently associated with renal outcome at

the time of biopsy.

Fig. 9.3 Comparison of cumulative probabilities of renal survival between MCD-IgAN and non-

MCD-IgAN patients
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9.3.2 Prognostic Indicators During Follow-Up

The effects of clinical parameters during follow-up on the outcome were also

examined in the 1,155 patients with IgAN. The summary measures (time-weighted

averages) for proteinuria, blood pressure (MAP), and microscopic hematuria were

calculated for each patient from the area under the curve of serial measurements

standardized by the duration of follow-up. For instance, the time-average MAP

(TA-MAP) was defined as the ratio of the area under the curve of MAP during

follow-up to the duration of follow-up. The time-average blood pressure (TA-BP)

was calculated with the same method as TA-MAP. Similarly, for each patient, the

time-average proteinuria (TA-P) represents the area under the curve of proteinuria

during follow-up divided by the years of total follow-up. As microscopic hematuria

was highly skewed during the follow-up, logarithmic transformation was used to

stabilize variance of the microscopic hematuria. After log transformation of micro-

scopic hematuria, we also calculated the time-average microscopic hematuria

(TA-RBC) in a similar manner. The TA-P, TA-RBC, and TA-MAP were all

associated with renal outcome in both univariate and multivariate Cox models [5].

The predictive value of proteinuria and blood pressure is well defined in previ-

ous studies, whereas the predictive value of the extent of microscopic hematuria,

measured as the count of urinary erythrocytes, remains uncertain; microscopic

hematuria is extremely variable over time in the same patient. We did not find an

association between renal outcome and the extent of microscopic hematuria at the

time of renal biopsy. However, TA-RBC was associated with renal outcome when

TA-RBC was used to quantify the extent of microscopic hematuria during follow-

up. The multivariate Cox model showed that the risk for a combined event

increased by 210 % for every ten-fold increase in microscopic hematuria.

9.3.2.1 Target Levels of Proteinuria During the Treatment of IgA

Nephropathy

Proteinuria has been proven to be the most important predictor of renal failure in

IgAN. However, the threshold of proteinuria above which the risk develops, and the

goal of a safe proteinuria level during follow-up, remains the subject of debate.

Evidence remains lacking that the long-term renal outcomes differ between patients

with a proteinuria at 0.5–1.0 g/day and those at <0.5 g/day. We used the TA-P to

quantify the mean exposure of proteinuria during the follow-up in patients with

IgAN, and a ROC of TA-P was drawn to determine the optimal cutoffs predicting a

worse renal outcome (ESRD or 50 % reduction in eGFR) [5]. The area under ROC

(AUC) was 0.9 for TA-P, indicating that TA-P had high diagnostic accuracy for an

unfavorable renal outcome. The optimal cutoff of TA-P was 0.97 g/day (sensitivity

83 %, specificity 84 %) in this cohort, which was approximated to 1.0 g/day to

facilitate clinical practice, indicating that the relationship between TA-P and renal

outcome is dramatically altered down to levels as low as 1.0 g/day. Patients with
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TA-P>1.0 g/day were associated with a 14-fold higher risk of the combined events

than those with TA-P <1.0 g/day ( p< 0.001) [2].

In addition, we found that patients with TA-P <0.5 g/day had a significantly

more favorable renal outcome than those with TA-P between 0.5 and 1.0 g/day. As

shown in Fig. 9.4, the cumulative renal survival from ESRD, as well as from the

combined renal events in patients with TA-P 0.5–1.0, was significantly lower than

those with TA-P <0.5 g/day. The multivariate Cox analysis, adjusted with

TA-MAP, TA-RBC, and eGFR at biopsy, showed that patients with TA-P

>1.0 g/day and patients with TA-P 0.5–0.1.0 g/day were associated with 76.5-

fold ( p< 0.001) and 13.2-fold ( p¼ 0.01), respectively, increased risks of ESRD

compared with those with TA-P <0.5 g/day (Fig. 9.5a). The multivariate Cox

analysis also showed that patients with TA-P >1.0 g/day and patients with TA-P

0.5–0.1.0 g/ day were associated with a 46.5-fold ( p< 0.001) and 9.1-fold

Fig. 9.4 Predictive value in renal survival of time-averaged proteinuria

Fig. 9.5 Associations between the TA-P and hazard ratio of ESRD (a) and the combined renal

outcome (b). The results were adjusted with TA-MAP, TA-RBC, and eGFR at biopsy in the

multivariate Cox analysis
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( p< 0.01), respectively, increased risk of ESRD or 50 % drop in eGFR during

follow-up than those with TA-P <0.5 g/day (Fig. 9.5b).

These results suggest that the basic goal of anti-proteinuric therapy for Chinese

patients is to lower proteinuria to <1.0 g/day, whereas the optimal goal is to lower

proteinuria to <0.5 g/day.

9.3.3 Pathological Prognostic Indicators

9.3.3.1 Validation of the Oxford Classification in China

The Oxford classification identified four definitive histologic lesions with high

reproducibility, low collinearity, and independence of clinical factors. These

lesions were mesangial hypercellularity (M), endocapillary proliferation (E), seg-

mental sclerosis or adhesion (S), and tubular atrophy/interstitial fibrosis

(T) [13, 14]. Several validation studies were performed after the Oxford classifica-

tion of IgAN was published and were reviewed by Roberts [15].

A multicenter validation study of the Oxford classification was conducted in a

cohort of 1,026 adult patients with IgAN from China [16]. The reproducibility

(ICCs) of pathologic lesions was good in this cohort. Compared with the Oxford

cohort, the Chinese cohort had a lower proportion of patients with M (43 %) and E

(11 %), a higher proportion with S (83 %) and necrosis (15 %), and a similar

proportion with crescents (48 %) and T (moderate, 24 %; severe, 3.3 %). The

lesions M, S, E, and T, as well as crescents and necrosis, were associated strongly

with proteinuria at biopsy. The lesion E, crescents, and necrosis were also strongly

associated with subsequent immunosuppressive treatment. During a median follow-

up of 53 months, 159 (15.5 %) patients reached the combined event (ESRD or a

50 % reduction in eGFR). Patients with M1 were associated with a 2.0-fold (95 %

CI, 1.5–2.8; p< 0.001) risk of the combined event than patients with M0. Patients

with T1/2 versus T0 were associated with a 3.7-fold (95 % CI, 2.6–5.1; p< 0.001)

and 15.1-fold (95 % CI, 9.5–24.2; p< 0.001) higher risk of the combined event,

respectively. The prognostic value of E, crescents, and necrosis was not associated

with renal outcome in this study. Another validation study, from a single center in

China, showed that the lesions S and T were independent predictive factors of

ESRD [17].

We also assessed the validity of the Oxford classification of IgAN in a multi-

center cohort of pediatric patients from China [18]. The clinical characteristics in

this cohort were very similar to pediatric patients in the original Oxford cohort. Our

study shows that tubular interstitial fibrosis was the only pathological feature

independently associated with renal outcomes in Chinese pediatric patients

with IgAN.
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9.3.3.2 Evidence from Repeat Renal Biopsy

The active lesions (lesion E, crescents, and necrosis) are strongly associated with

proteinuria at biopsy; however, these lesions were not associated with renal out-

come in our validation studies of Oxford classification and in most other validation

studies [15]. Recently, we evaluated histological changes in 60 patients with IgAN

who received repeat biopsies after immunosuppressive treatment and found that

these active lesions are reversible after immunosuppressive treatment [19]. The

active lesions were markedly decreased at the second biopsy after immunosuppres-

sive therapy (36.7 % vs. 8.3 %, p< 0.001; 85.0 % vs. 25.0 %, p< 0.001; and 51.7 %

vs. 3.3 %, p< 0.001). However, the resolution or reduction of T was not observed in

those patients. Tubular atrophy continued to progress, regardless of treatment.

Reversal of the active lesions was accompanied with the clinical improvement.

Patients with reversal of the active lesions exhibited significant decreases in

proteinuria and hematuria after immunosuppressive treatment. The reversal of

these lesions during the disease process may explain the lack of significant corre-

lation of these lesions with clinical outcomes in this study, as well as in the patient

cohort on which the original Oxford classification was based, and a number of

validation studies of this classification [19].

9.4 Treatment of IgA Nephropathy in China

Despite a better understanding of the pathogenic mechanisms, there is no disease-

specific treatment for patients with IgAN. To date, the treatment of IgAN has

mainly been based on clinical risk factors, such as proteinuria. However, the

renal pathological characteristics of IgAN may provide helpful information for

decision making regarding the treatment.

9.4.1 IgA Nephropathy Patients with Minimal Change
Disease (MCD-IgAN)

To evaluate the efficacy of corticosteroids for MCD-IgA patients, we conducted a

single-center study of MCD-IgAN patients [20]. A total of 27 biopsy-proven adult

MCD-IgAN patients were enrolled and given prednisone at a daily dose of 1 mg/kg/

day (maximum 60 mg/day) prednisone until complete remission (CR), followed by

gradually decreasing dosage. The cumulative CR (proteinuria <0.4 g/24 h) rates

were 3.70 %, 48.1 %, 92.6 %, and 100 % after 1, 2, 4, and 8 weeks of treatment,

respectively. Proteinuria at each time point after treatment was markedly decreased

during follow-up. Infection, alanine aminotransferase elevation (>2-fold), fasting

blood glucose (FBG) elevation (>6.2 mmol/L), and hypokalemia (<3.5 mmol/L)
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occurred in 2, 5, 2, and 5 cases, respectively, but were eliminated after treatment.

These results suggest that prednisone is an effective and safe therapy for IgAN

patients with MCD lesions.

9.4.2 IgA Nephropathy Patients with Glomerular Active
Proliferative Lesions

Patients with glomerular proliferative lesions are considered active forms of IgAN;

immunosuppressive therapy may provide an additional benefit for these patients.

We launched a multicenter, randomized, controlled trial to compare the efficiency

and safety of the regimen of mycophenolate mofetil (MMF) plus prednisone in

IgAN patients with active proliferative lesions. IgAN patients with active prolifer-

ative lesions (one of the following lesions of glomeruli: cellular and fibrocellular

crescents; endocapillary hypercellularity; or necrosis) and proteinuria at 1 g/24 h

were eligible. Eligible patients were randomly assigned to either MMF with

prednisone (MMF 1.5 g/day for 6 months and prednisone 0.6 mg/kg/day for the

first 2 months and then reduced by 0.1 mg/kg/day per month for the next 4 months,

MMF group) or prednisone monotherapy (prednisone 1.0 mg/kg/day for 2 months

and then reduced by 0.2 mg/kg/day per month for the next 4 months, PRED group),

and both were followed for another 6 months.

The results showed that 32/86 patients (37.2 %) in the MMF group and 33/88

patients (37.5 %) in the PRED group went into complete remission, and no

difference between the two groups was observed ( p> 0.05). The overall response

rate was 61/86 (70.9 %) in the MMF group and 64/88 (72.7 %) in the PRED group

( p¼ 0.79). The median times to complete remission were 8.7 and 8.5 months

(p¼ 0.58) for the MMF and PRED groups, respectively. The repeat renal biopsy

data showed that active proliferative lesions were significantly ameliorated in both

groups; the adverse event rate did not differ between the two groups. However, the

incidences of newly diagnosed diabetes (13.6 % vs. 1.1 %, p¼ 0.002) and

Cushing’s syndrome (47.7 % vs. 18.4 %, p< 0.001) were higher in the PRED

group than in the MMF group.

Both MMF combined with prednisone and prednisone monotherapy benefit

IgAN patients with active proliferative lesions by reducing proteinuria and ame-

liorating active proliferative lesions. The adverse event rate was similar in the two

groups, but patients administered the MMF regimen were more tolerant.
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9.4.3 IgA Nephropathy Patients with Crescentic
Glomerulonephritis

Crescentic IgAN is defined as IgAN with crescents in more than 50 % of glomeruli

in the renal biopsy with rapidly progressive renal deterioration. In our center, the

proportion of crescentic IgAN is 1.1 % in the all biopsied-proven IgAN but 16.4 %

in the total crescentic glomerulonephritis [21]. Patients with crescentic IgAN have

extremely poor prognosis. In 25 crescentic IgAN patients from our center, 88 % had

rapidly progressive glomerulonephritis associated with a high level of serum

creatinine. In 15 patients followed up for more than 6 months, all of whom were

treated with immunosuppression, five were dialysis dependent, ten maintained

sufficient renal function to avoid renal replacement therapy,four had a normal

range of serum creatinine (<124 μmol/l) [21]. Recently, a study enrolled 113 cres-

centic IgAN patients from multiple centers in China, and the renal survival rates at

1, 3, and 5 years after renal biopsy were 57.4 %, 45.8 %, and 30.4 %, respectively

[22]. Initial renal function is the only independent risk factor for ESRD, whereas the

percentage of crescents was not independently associated with ESRD.

There is no RCT in the treatment of crescentic IgAN. The multicenter cohort

study of crescentic IgAN from China suggested that immunosuppressive therapy

reduced the risk of ESRD in patients with cellular or fibrocellular crescents by

>50 % but not in those with high chronic tubular lesions (interstitial fibrosis

>50 %) [22].

9.5 Conclusion

The 10- and 20-year cumulative renal survival rates after renal biopsy were 83 %

and 64 %, respectively, in Chinese patients with IgAN. The most important clinical

risk factors are proteinuria, hypertension, impaired renal function,

hypoproteinemia, and hyperuricemia; histologic risk factors are mesangial

hypercellularity and tubular atrophy in Chinese patients with IgAN. The repeat

renal biopsy-based observations indicated that the active proliferative glomerular

lesions (endocapillary hypercellularity, crescent, or necrosis) are reversible follow-

ing immunosuppressive treatment. The renal pathological lesion-based guidance

for treatment provides new tools for individual therapy for IgAN patients.
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Chapter 10

The Differences in Etiology and Treatment

of IgA Nephropathy in Korea

Dong-Wan Chae

Abstract IgA nephropathy (IgAN) is the most common primary glomerulonephri-

tis affecting young persons, the incidence of which has increased recently in Korea.

Many studies related to the etiology and the pathogenesis such as various bio-

markers, gene polymorphism, and intrarenal expression of various cytokines and

chemokines and proteomic studies have been performed in serum, urine, and renal

tissues obtained from Korean patients with IgA nephropathy. The activation of

alternative pathway of complements in systemic circulation as well as local

mesangial area and the activation of lectin and classic pathway of complement in

some subset of patients have been shown to contribute to renal damage in IgAN.

Clinical utility of Oxford classification have been verified in Korean patients, but

the significance of crescent in therapeutic response and prognosis remains to be

defined especially in patients with low basal estimated glomerular filtration rate

(eGFR) and/or patients on the immunosuppressive therapy at the time of renal

biopsy. The maintenance of proteinuria <1 g/day as recommended by KDIGO was

a reasonable therapeutic target in renal protection, but the attainment of proteinuria

<0.3 g/day might provide additional renal protection especially in young and

otherwise healthy patients in whom a long life span is expected. Renin-angiotensin

system (RAS) blockades reduced proteinuria and improved the survival of patients

as well as the kidney. Various regimens of corticosteroid treatments effectively

reduced proteinuria and hematuria and induced the improvement or stabilization of

renal function even in patients with already decreased eGFR before treatment.

Treatments by calcineurin inhibitors and sulodexide in IgAN were also reported

with some positive results.
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IgA nephropathy (IgAN) was the most common histological diagnosis constituting

36.5 % of 4,918 renal biopsies performed in multicenters in Korea. The age of

biopsy-proven diagnosis of IgAN was 37.9� 13.6 year, the youngest in all primary

glomerular diseases in this study [unpublished result from PREMIER study].

While IgAN occupied 25.6 % of all biopsy-proven renal disease in one center

during the period of 1987–1991, this proportion increased to 35.6 % during

2001–2006 [1]. Thus, IgAN is the most common primary glomerulonephritis

affecting young persons, the incidence of which has increased recently in Korea.

In this chapter, clinical studies which have been performed in Korean patients

with IgAN will be reviewed with a special emphasis on etiology, pathogenesis, and

treatment of this disease.

10.1 Etiology and Pathogenesis

10.1.1 Viral Infections and IgA Nephropathy

Although cytomegalovirus (CMV) DNA was detected in six of ten renal biopsy

specimens of IgAN, CMV protein was not detected in any specimen by indirect

immunofluorescence staining with anti-CMV monoclonal antibody. Also CMV

DNA but not CMV protein was also detected in biopsy specimen from 14 non-IgAN

suggesting that CMV is not specifically associated with the pathogenesis of IgAN

seen in Korea [2].

The prevalence of seropositive hepatitis B surface antigen (HBsAg) was 11.0 %

in 172 IgAN patients which was higher than prevalence of 4.1 % in age/sex-

matched general population. The cases presenting with nephrotic range proteinuria

and impaired renal function were significantly higher in HBsAg-positive group than

HBsAg-negative group (nephrotic proteinuria 31.6 % vs. 7.2 % and impaired renal

function 42.1 % vs. 13.1 %, p< 0.05) [3].

Also in another report, serum HBsAg positivity was higher in patients with IgAN

presenting with nephrotic syndrome than those patients presenting with

non-nephrotic syndrome (7.0 % vs. 2.7 %, p¼ 0.04) [4].

But other study showed that the incidence of serum HBsAg positivity in IgAN

was 4.6 % (n¼ 22/360) which was similar to the prevalence in general population.

There were also no differences in the clinical characteristics such as proteinuria and

estimated glomerular filtration rate (eGFR) and renal prognosis between IgAN

patients with and without HBsAg. Although there were no differences in the

renal function decline and urinary protein excretion between 6 patients who did

and 16 patients who did not receive antiviral therapy, the number was too small to

draw the conclusion. In fact, proteinuria decreased after antiviral therapy in all three

patients whose basal proteinuria were greater than 0.5 g/day in this study [5].

Collectively these studies suggested that the infection of HBV could not be one

of the causes of IgAN, but the presence of HBV infection might contribute to the

development of higher proteinuria in patients with IgAN.

142 D.-W. Chae



A case of development of IgAN in 30-year-old concurrent with acute hepatitis

by hepatitis A virus was reported. Her laboratory examination 6 months prior to

hepatitis showed normal urinalysis and renal function. Hematuria and proteinuria of

1.9 g/day with normal renal function were observed at the time of presentation of

acute hepatitis. Renal biopsy revealed normal light microscopic findings with

mesangial staining of IgA and mesangial electron-dense deposits. Neither evidence

suggestive of the presence of viral particle in renal tissue nor IgG co-deposition was

found. Hematuria and proteinuria disappeared 6 months after the resolution of

hepatitis, and follow-up biopsy taken 11 months after onset showed complete

disappearance of IgA deposition in renal tissues. This case suggested hepatitis A

virus infection could cause the transient IgAN without acute kidney injury.

Impaired clearance of IgA molecule by Kupffer cells secondary to liver damage

rather than virus-induced immune response might be principal pathogenesis of

IgAN in this case [6].

10.1.2 Role of Intrarenal Cytokines and Chemokines

In immunohistochemistry of renal tissue from IgAN patients [7, 8], TNF-α, IFN-γ,
and IL-2 were localized dominantly in mesangial area, while IL-10 was observed

primarily in renal tubules. IL-8 was noted in the periarteriolar and arteriolar area.

The level of intrarenal gene transcript of IFN-γ assessed by semiquantitative

reverse-transcriptase polymerase chain reaction (RT-PCR) using internal compet-

itors correlated with mesangial expansion, and gene transcript of IL-10 was related

to interstitial fibrosis. The extent of intrarenal arteriolar lesions correlated with the

IL-8 gene transcript.

The levels of intrarenal gene transcript of TNF-α and IL-1β were higher in

patients with proteinuria �1 g/day than patients with proteinuria <1 g/day. The

ratio of intrarenal gene transcript of IFN-γ/IL-10 was higher in patients with serum

creatinine �1.4 mg/dL.

These studies suggested that pro-inflammatory cytokines such as TNF-α, IFN-γ,
and IL-1β were involved in glomerular injuries, and IL-10 played a role in

tubulointerstitial lesions, and IL-8 was related to vascular injury in IgAN.

10.1.3 Proteomic Study of IgA Nephropathy

Approximately 216 protein spots were found to be differentially expressed in the

urines of IgAN patients compared with those of normal controls with

82 overexpressed and 134 under-expressed spots in IgAN by two-dimensional

electrophoresis. A total of 84 differentially expressed spots representing 59 different

proteins were identified in IgAN by MALDI-TOF mass spectrometry. Thirty-five

proteins under-expressed in IgAN including zinc finger proteins 324 and
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155, GRB2-related adaptor protein2, and c-AMP-dependent phosphodiesterase

were suggested to be involved in the pathogenesis of IgAN in this study [9].

In a proteomic analysis of urinary exosome using LC-MS/MS from patients with

IgAN and thin basement membrane nephropathy (TBMN) which are two most

common causes of isolated hematuria, the numbers of protein spots uniquely

identified in normal, IgAN, and TBMN were 790, 188, and 213, respectively. Out

of these proteins, the expression level of aminopeptidase N and vasorin precursor

were lower, and those of alpha-1-antitrypsin and ceruloplasmin were higher in

IgAN than normal controls and TBMN. The AUCs of ROC curve for the differen-

tiation between IgAN and TBMN were 0.813, 0.778, 0.556, and 0.993 for

aminopeptidase N, vasorin precursor, alpha-1-antitrypsin, and ceruloplasmin,

respectively. This study suggests that proteomic analysis of urinary exosomes, the

cargo of biological information of their origin, could be a useful noninvasive

diagnostic tool for IgAN [10].

Proteomic analysis on renal tissue from normal controls and patients from IgAN

revealed increased expression of alpha-1-antitrypsin (AAT) especially of low

molecular isoforms and fragments principally in proximal and distal tubule in

IgAN renal tissues. An unidentified highly acidic proteinase different from elastase

was found to cleave AAT in renal tissue. Increased nitration of tyrosine residue by

oxidative injury was also noticed. This study suggests that loss of function of AAT

by proteinase and nitration might contribute to pathogenesis of IgAN probably via

unopposed activity of various proteinases by AAT and induction of inflammation

and inhibition of extracellular matrix by polymerization of cleaved AAT [11].

10.1.4 Biomarkers

The KIM-1 (kidney injury molecule-1) was expressed at the apical side of dilated

proximal tubule with the pattern of KIM-1(þ) and KIM(�) cells adjacent to each

other within the same tubular sections in renal tissues in a prospective observational

study of 50 patients with IgAN. The expression level of KIM-1 in renal tissues

correlated positively with 24-h urine protein and negatively with eGFR. The level

of intrarenal KIM-1 also well correlated with E1 and T1/T2 lesions of the Oxford

classification. Along with the proteinuria, renal tissue level of KIM-1 was an

independent risk factor of renal survival. Although the urinary KIM-1 levels were

higher in IgAN patients than normal control, urinary KIM-1 was not associated with

tissue KIM-1 expression or tubulointerstitial damage [12].

The expressions of urokinase-type plasminogen activator (uPA), uPA receptor

(uPAR), and plasminogen activator inhibitor (PAI)-1 were investigated by immu-

nohistochemistry in renal biopsy specimen from 52 patients with IgAN.While uPA,

uPAR, and PAI-1 were expressed in renal tubule with stronger expression in the

distal tubules and collecting ducts than proximal tubules in all specimens, these

molecules were not expressed in mesangium and capillary walls of glomeruli in all
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specimens. On podocytes, uPA was positive in 11 cases and uPAR was positive in

38 cases including 11 uPA (þ) cases. By contrast, the expression of PAI-1 was

negative in all cases. There was no relationship between plasma level of uPA and

PAI-1 and their staining pattern in podocytes and tubules. While there was no

association between podocyte expression of uPA and uPAR and M, E, and S

variables of Oxford classification, the prevalence of tubular atrophy/interstitial

fibrosis is significantly lower when uPA and uPAR are expressed on podocytes.

This finding suggests a possible protective effect of podocyte uPA/uPAR expres-

sion against interstitial fibrosis in IgAN [13].

Urinary excretion of β2-microglobulin, which is freely filtered at the glomerulus

and subsequently reabsorbed and catabolized in proximal tubules, well correlated

with serum creatinine and proteinuria in 51 patients with IgAN, 64.7 % of whom

received corticosteroid therapy during follow-up. Although urinary β2-
microglobulin is regarded as a marker of proximal tubular cell injury, urinary

level of β2-microglobulin was neither associated with tubulointerstitial fibrosis

nor tubulointerstitial inflammation in this study. Urinary β2-microglobulin was

one of the predictors of renal progression in univariate analysis [14].

Heme oxygenase-1(HO-1) is known to exert an antioxidant effect by mediating

the breakdown of heme to generate carbon dioxide, iron, and biliverdin which

subsequently converts to bilirubin. The short (GT) repeats located in promoter of

HO-1 gene upregulate enzyme activity by several folds and consequently increase

the antioxidant effect of HO-1. In the analysis of 916 patients, 65 patients with short

length polymorphism had lower odd ratio of impaired function than patients with

505 patients with long length polymorphism (OR¼ 0.216, 95 % CI 0.060–0.774,

p¼ 0.019) [15]. In an analysis of 1,458 patients which include the patients of HO-1

study, the serum level of bilirubin – one of antioxidant in human body – was found

to be related to renal survival. While end-stage renal disease (ESRD) occurred in

10.7 % of patients with serum bilirubin <0.4 mg/dL, the incidence of ESRD was

2.8 % in patients with serum bilirubin >0.6 mg/dL with odd ratio of developing

ERSD of 0.307 [16]. Interestingly the protective effect of both HO-1 genotype and

serum bilirubin level was more prominent in male, old age, normotensive patients,

and patients with smaller proteinuria [15, 16]. These studies suggest that oxidative

stress plays a role in the progression of IgAN, but its effect is overwhelmed by

traditional strong risk factors such as hypertension and proteinuria.

Urinary angiotensinogen level showed the strongest correlation with

angiotensinogen level in renal biopsy specimen measures by Western blotting and

immunohistochemistry in a study of 64 patients with IgAN. Urinary

angiotensinogen level showed positive correlation with initial PCR and negative

correlation with initial eGFR. Interestingly, there were no differences in urinary

angiotensin level and expression level of angiotensinogen in renal tissues between

patients with and without renin-angiotensin system (RAS) blockade. Finally, uri-

nary angiotensinogen level was related to proteinuria and the degree of eGFR

reduction after 3 years of treatment by RAS blockade [17].
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10.1.5 Genetic Studies

Genetic studies about IgAN in Korea were mostly candidate gene studies in which

specific genes were chosen based on their biological function in IgAN. All of these

studies showed that the frequency of allele of genes of interest did not differ

between normal control and patients with IgAN suggesting no relevance of these

genes to susceptibility to the development of IgAN. But various gene polymor-

phisms were found to affect renal progression of IgAN in studies with relatively

large number of patients followed for a sufficient duration for the evaluation of

progression as summarized in Table 10.1.

With regard to gene polymorphism of renin-angiotensin-aldosterone system,

specific single nucleotide polymorphism (SNP) in angiotensin II type 1 receptor

[18], aldosterone synthase, [18] and insertion/deletion polymorphism of

angiotensin-converting enzyme [19] were not related to the progression of IgAN.

While M235T SNP of angiotensinogen was related to renal progression only in

male patients [18], specific SNP of chymase [20] and angiotensin II type 2 receptor

[21] were related to renal progression in both sexes.

Gene polymorphism of molecules related to inflammation such as Clara cell

secretory protein [22], CD 14 [23], and platelet-activating factor acetylhydrolase

[19] and molecules related to extracellular matrix deposition such as megsin [24]

and TGF-β [25] were associated with renal progression. Gene polymorphism

affecting the activity of epoxide hydrolase which hydrolyze epoxyeicosatrienoic

acid was associated with renal survival [26]. Interestingly, specific SNPs of klotho

gene – an antiaging gene – were related to patients’ survival as well as renal

survival [27].

10.1.6 Role of Complements

The activations of alternative and lectin pathway of complements by nephritogenic

polymeric IgA1 molecules are known to play an important role in the pathogenesis

of IgAN.

10.1.6.1 Alternative Pathway

Mesangial deposition of C3, one of the hallmarks of the activation of alternative

pathway, was observed in 73.9 % of 142 Korean patients with IgAN. While C3

deposition was observed in only 53 % of patients with histologically early stage of

IgAN, it was observed in 100 % of patients with advanced stage [28].

Decreased level of serum C3 lower than normal and strong mesangial C3

deposition �2þ degree were observed in 19.2 % and 18.8 % of 343 patients,

respectively. This strong C3 mesangial deposition was associated with low serum
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C3 level, mesangial hypercellularity, and advanced tubulointerstitial lesions.

Importantly both C3 hypocomplementemia and strong mesangial C3 deposition

were independent risk factor for the doubling of serum creatinine independent of

basal eGFR, proteinuria, and tubulointerstitial lesions [29].

These studies suggest that the activation of alternative pathway of complements

occurs in systemic circulation as well as local mesangial area and contributes

significantly to the progression of IgAN.

10.1.6.2 Other Pathways

In 23 IgAN patients, glomerular C4d staining and tubular C4d staining were

observed in 56.5 % and 47.8 % of patients, respectively, whereas no C4d staining

was observed in tubular basement membrane, peritubular capillary, and vascular

structure. The glomerular C4d staining was related to albuminuria and tubular C4d

staining to higher grade of WHO classification. Tubular deposition of C4d without

any co-deposition of immunoglobulin suggested the activation of lectin pathway

although clear proofs were lacking [30].

Out of 221 IgAN, 8.1 % of patients had mesangial C1q staining which is a

marker of activation of classic complement pathway. The co-deposition of IgG was

more frequently observed in C1q(þ) patients than propensity score matched

C1q(�) patients (38.9 % vs. 8.3 %). C1q(þ) was an independent determinant of rate

of GFR loss between C1q(þ) and matched C1q(�) patients [31].

These studies suggest that the activation of lectin and classic pathway of

complement contribute to renal damage in some subset of patients with IgAN.

10.2 Treatment and Prognosis

10.2.1 Role of Renal Biopsy Findings in Predicting Renal
Outcome

IgAN is characterized by highly variable clinical courses and the differences in

response to a specific therapy resulting in highly variable renal outcome within

individual patients. Even though proteinuria is generally regarded as the best

predictor of renal outcome, there are substantial numbers of the patients with no

proteinuria at presentation who ultimately show renal progression. Hence, many

studies about the correlation between renal biopsy findings and renal progression

have been performed to define a role of renal pathology for prediction of renal

outcomes beyond clinical parameters.
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10.2.1.1 Pathologic Grading Systems Before the Introduction of Oxford

Classification

H.S. Lee’s grading system developed in 1987 by incorporating mesangial prolifer-

ation, segmental lesion, crescent, and interstitial fibrosis showed good correlation

with proteinuria, hypertension, and impaired renal function at the time of biopsy.

Interestingly, episodes of macroscopic hematuria which is a favorable factor for

renal progression in Korea were less frequent in patients with higher grade of this

system [28].

Some modification of H.S. Lee’s grading system with particular emphasis on

crescent, segmental sclerosis, and global sclerosis which implicate, respectively,

active necrotizing glomerular inflammation, podocyte depletion, and resultant

irreversible glomerular damage correlated well with patients’ age, CCr, 24-h

urinary protein, and the prevalence of hypertension in dose-dependent manner.

Moreover, this grading system predicted renal progression independent of clinical

risk findings such as initial renal function and proteinuria, whereas the Hass

classification did not [32].

Class IV/V lesions of WHO classification were a prognostic factor of renal

progression independent of renal insufficiency (serum creatinine �1.4 mg/dL)

and heavy proteinuria [33].

These studies suggest that specific histological features such as mesangial

proliferation, crescent, segmental sclerosis, and advanced tubulointerstitial lesions

rather than the whole system of histological classification were suggested to be

significant prognostic factors independent of clinical features even before the

introduction of Oxford classification.

10.2.1.2 Validation Studies of Oxford Classification

After the Oxford classification was introduced as a new histological classification

system for IgAN in 2009, several studies were performed to validate the usefulness

of this classification in Korean patients.

All studies identified T1 and T2 lesions, namely, advanced tubulointerstitial

lesions, as a predictor of renal progression independent of clinical findings in

multivariable analysis [34–36]. T1 and T2 were also predictors of renal progression

in posttransplant IgAN [37]. These findings confirmed the well-established prog-

nostic importance of tubulointerstitial lesion in essentially all glomerular diseases

including IgAN.

E1 was associated with more frequent prescription of steroid in studies where

steroid was infrequently used, i.e., 18 % and 11 % of subjects of study, respectively

[35, 36]. But in one study in which 38 % of patients had received steroid, S1 but not

E1 was associated with the more frequent use of steroid [34]. RAS blockade

treatment was more frequent in patients with M1 [34, 36]. Thus, at least in current

situation, where the prescription of immunosuppressive drugs is largely dependent
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on the decision of individual physician without agreed guideline for immunosup-

pressive treatment, the reported relationship of specific Oxford lesions with steroid

treatment be viewed with the consideration for criteria by which steroid was used in

a specific study.

The frequency of M1, S1, E1, T1, and T2 increased along with the increasing

grade of WHO classification [34] and also showed correlation with Hass classifi-

cation in patients with posttransplant IgAN [37]. All MEST variables, especially S

and E, correlated with activity index in semiquantitative classification, but only S

and T showed relationship with chronic index [34]. Hass and Oxford classifications

were comparable in providing additive predictive value for renal progression to

known clinical parameters such as proteinuria and eGFR [36], but Oxford classifi-

cation was superior to Haas classification in posttransplant IgAN [37]. Thus,

pre-existing pathological grading systems of IgAN such as WHO and Hass classi-

fication could provide useful prognostic information as much as Oxford classifica-

tion, but Oxford classification is superior to old systems in the convenience in

clinical application and consistency in interpretation of pathologic findings by

different pathologists.

Similar to conclusion from Oxford group, a retrospective analysis of 430 patients

in which 18.8 % of patients had crescent showed that crescent was not a prognostic

factor for renal progression independent of clinical findings and T lesion although

patients with crescent had higher UPCR, lower eGFR, lower serum albumin level,

and more prescription of RAS blockade and glucocorticoid treatment during

follow-up. Because the patients in this study had a relatively good basal eGFR of

80.5� 24.1 ml/min/1.73 m2, this study could not give the answer about the prog-

nostic significance of crescent in patients having worse eGFR <30 ml/min/1.73 m2

as Oxford classification could not [38]. But in posttransplant IgAN, 4-year graft

survival after biopsy was 30.0 % in patients having crescents compared with 70.8 %

patients without crescents despite the enhanced immunosuppression in the former

group. Moreover, IgAN was the cause of graft failure in 66.7 % of patients with

crescents, whereas IgAN was the cause of graft failure in only 13.6 % of patients

without crescents [39]. Thus, the prognostic significance of crescent in IgAN

remained to be defined especially in patients with low basal eGFR and/or patients

on the immunosuppressive therapy at the time of renal biopsy.

10.2.2 Significance of Proteinuria in Treatment
and Prognosis

10.2.2.1 Normal or Low-Grade Proteinuria at Presentation

Although the excellent prognosis is taken for granted for patients presenting with

normotension, normal renal function, and normal or low-grade proteinuria, this

does not apply to all such patients.
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IgAN constituted 33.3 % (n¼ 52) of 156 patients who underwent renal biopsy

due to isolated hematuria without proteinuria, hypertension, and azotemia. During a

follow-up of mean duration of 31.6� 14.1 months, five patients with IgAN devel-

oped proteinuria and/or hypertension and/or eGFR <60 ml/min/1.73 m2 [40].

In a retrospective analysis of 153 patients with IgAN presenting with benign

clinical manifestation, i.e., proteinuria <0.5 g/day, normotension, and eGFR

>60 ml/min at the time of renal biopsy, 31 % (n¼ 36) of patients achieved clinical

remission defined as disappearance of microscopic hematuria, proteinuria <0/2 g/

day, and normal renal function. But 11 patients developed proteinuria >1 g/day,

three patients showed greater than 50 % increase in serum creatinine, and six

patients developed ESRD. Interstitial fibrosis at renal biopsy and hypoalbuminemia

were independent risk factors for the development significant proteinuria and renal

progression [41].

10.2.2.2 Nephrotic Syndrome

Out of 1,076 patients, typical nephrotic syndrome was observed in 100 (10.2 %)

patients, 93 of whom presented with generalized edema at initial presentation.

Histologically only four patients showed typical minimal change disease-like

features, and C3 deposition was observed in 91 % of patients. A total of 48 patients

achieved complete remission, spontaneously in 24 patients and by immunosuppres-

sive treatment in another 24 patients. Partial response and no response occurred in

32.0 % and 20.0 % of patients, respectively. During the median follow-up of

45.2 months, the doubling of serum creatinine occurred in 24 % of nephrotic

patients compared with 7.1 % in non-nephrotic patients. In patients with nephrotic

syndrome, the risk for reaching the doubling of serum creatinine was highest for

patients with no response followed by partial response (HR 14.49, 95 % CI

1.14–183.76, p¼ 0.04 and HR 215, 95 % CI 15–2983, p< 0.001 respective for

partial response and nonresponse compared with complete response). The progno-

sis of complete responder was excellent with only two patients reaching the

doubling of serum creatinine during follow-up. In 24 patients having spontaneous

complete remission, Haas IV or V classifications were observed in 11 patients.

Female sex, initial serum creatinine <1.2 mg/dL, and more than 50 % reduction of

proteinuria within 3 months after the onset of nephrotic syndrome were associated

with likelihood of attaining spontaneous remission [4].

Among 581 patients with IgAN, 48 patients (8.3 %) presented with nephrotic

syndrome. Of 25 patients who received high-dose corticosteroid, 12 patients

achieved complete remission of nephrotic syndrome. Seven episodes of relapse in

five patients occurred during the tapering of corticosteroids, six of which respond

well to reintroduction of high-dose steroid with complete remission. Compared

with nonresponders, responders were characterized by clinical features similar to

minimal change disease, i.e., rapid onset of edema, higher weight gain, higher

proteinuria, lower serum albumin, and lower serum creatinine, and pathological

features of lower histological grade and lower mesangial IgA deposition. While
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none of 12 responders did not progress to ESRD, 38 % of nonresponders to steroid

and 43 % of patients who did not receive steroid treatment reached ESRD [42].

Collectively, these studies suggest that about 10 % of IgAN patients present with

nephrotic syndrome in which there are considerable heterogeneity in histopathol-

ogy, clinical course, response to treatment, and prognosis. Prognosis of nephrotic

patients was largely determined by the reduction of proteinuria spontaneously or by

steroid treatment.

10.2.2.3 Optimal Proteinuria Target for Renal Protection

Because the level of residual proteinuria attained spontaneously or by treatment

was a major determinant of renal progression irrespective of risk factors at initial

presentation such as eGFR, blood pressure, proteinuria, and histological findings,

the optimal target for the reduction of proteinuria is always an important topic

in IgAN.

In a retrospective analysis of 500 patients, the risk for developing 50 % decline

in eGFR increased markedly in patients with 1.0 g/g�TAP (time-averaged pro-

teinuria) �2.99 g/g (HR 25.0, 95 % CI 3.17–197.0, p¼ 0.002) and TAP �3.0

(HR 244.07, 95 % CI 27.09–2198.98, p< 0.001) compared with patients with

TAP <0.3 g/g. Although there was no difference in the development of 50 %

decline in eGFR or ESRD between the patients with time-averaged proteinuria

during clinical course (TAP) <0.3 g/g and patients with 0.3 g/g � TAP �
0.3–0.99 g/g, eGFR slope was lower in patients with TAP <0.3 g/g than patients

with 0.3� TAP �0.99 (�0.41� 1.68 vs. �0.73� 2.82 ml/min/1.73 m2/year,

p¼ 0.03) [43].

In another retrospective study of 125 patients, the risk for reaching to eGFR

<15 ml/min/1.73 m2 increased by tenfolds in patients with residual proteinuria after

treatment >1.0 g/day compared with the patients with residual proteinuria <0.3 g/

day. Although statistically insignificant probably due to relatively small numbers of

patients, eGFR slope in patients with residual proteinuria of 0.3–0.99 was larger

than patients with residual proteinuria <0.3 g/day (�1.24� 1.25

vs. �1.06� 1.69 ml/min/1.73 m2/year, p¼ 0.580). The relapse of proteinuria

more than 1 g/day, which occurred 5.2� 3.2 years after the initiation of treatment,

was more frequent in patients with residual proteinuria of 0.3–0.99 g/day than

patients with proteinuria <0.3/day (41.5 % vs. 26.3 %, p¼ 0.025) [44].

These studies suggest that the maintenance of proteinuria <1 g/day as

recommended by KDIGO was a reasonable therapeutic target in renal protection,

but the attainment of proteinuria <0.3 g/day might provide additional renal pro-

tection especially in young and otherwise healthy patients in whom a long life span

is expected.

10 The Differences in Etiology and Treatment of IgA Nephropathy in Korea 155



10.2.3 Drug Therapy

10.2.3.1 Renin-Angiotensin System Blockade (RASB)

Angiotensin-converting enzyme inhibitor (ACEI) decreased proteinuria from

3.85� 2.54 g/day to 1.68� 1.91 g/day in 24 patients in which five of whom

proteinuria decreased below 0.5 g/day. ACEI also decreased the proteinuria of ten

patients whose baseline proteinuria was greater than 3 g/day from 4.89� 1.43 g/day

to 1.38� 1.21 g/day [45]. Insertion/deletion polymorphism of ACE gene did not

influence the anti-proteinuric effect of ACEI [46].

In a trial of 4 weeks of washout period followed by 12 weeks of active treatment

in which patients were randomized to once-daily losartan 50 mg/day or amlodipine

5 mg/day without any dietary restriction, all but one patient treated by losartan

showed reduction in proteinuria, whereas proteinuria slightly increased in patients

treated by amlodipine without no difference in blood pressure attained during the

trial. Proteinuria decreased by 42.7 % from baseline after 4 weeks treatment of

losartan and further reduced by 54.4 % after 12 weeks of treatment (2.3� 1.5 g/day,

1.4� 1.4 g/day, and 1.1� 1.2 g/day, respectively, at baseline, 4 weeks, and

12 weeks after treatment). No treatment-induced change in CCr was noted in

both groups. Whereas there were no difference in serum level of TGF-ß between

normal volunteer and patients with IgAN, urinary TGF-ß and reflecting renal

production of TGF-ß were 20-folds higher in patients with IgAN than in normal

control. Losartan but not amlodipine decreased urinary TGF-ß, but there was

neither relationship between urinary TGF-ß level and proteinuria nor between

decrement of urinary TGF-ß and reduction of proteinuria by losartan [47].

A crossover trial of once-daily candesartan 4 mg or placebo over 12 weeks on

19 patients who had been stably maintained on 5–7,5 mg of ramipril for at least

6 months showed the reduction of proteinuria from 4.1� 0.3 g/day at placebo

period to 3.1� 0.3 g/day at combination period without change in blood pressure,

serum potassium level, and renal function [48]. The addition of candesartan reduces

urinary TGF-β level by 28.9� 6.0 %, but the reduction in proteinuria did not

correlate with the reduction in urinary TGF-β level [49]. Although the combination

of low dose of ACEI and angiotensin receptor blocker (ARB) reduced the protein-

uria further in IgA patients having high basal proteinuria >3.0 g/day, the reduction

rate in proteinuria by addition of ARB was only 12.3� 4.5 %, and residual

proteinuria remained high in this study.

In posttransplant IgAN, more than 50 % reduction of proteinuria by enalapril

was observed in 71.4 % of patients without segmental sclerosis but only 28.6 % of

patients having segmental sclerosis suggestive of the inhibitory effect of segmental

sclerosis on the anti-proteinuric effect of ACEI in these patients [50].

A retrospective analysis of 167 patients with IgAN biopsied in author’s hospital
revealed that the presence of crescents in glomeruli reduces the anti-proteinuric

effects of RAS blockade administered for 1 year in the multivariable analysis

adjusted for multiple factors including basal proteinuria, eGFR, and other
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histological features. In this study, most of reduction in proteinuria occurred within

3 months after RAS blockade, but further reduction of proteinuria was observed

until 1 year after RAS blockade (Fig. 10.1) (unpublished results).

In the comparison between 914 IgAN patients without RAS blockade and

831 patients with RAS blockade, the rate of doubling of creatinine, ESRD, and

death was higher in patients without RAS blockade (Fig. 10.2) despite the older age,

lower basal eGFR, and higher prevalence of hypertension in the patients treated

with RAS blockade. Interestingly, the protective effect of RAS blockade against

death was significant in patients having DD genotype of insertion/deletion poly-

morphism of ACE (unpublished results).

Collectively, ACEI or ARB significantly reduced proteinuria in patients with

IgAN with favorable long-term effects on the survival of patient as well as the

kidney. The combination of ACEI and ARB further reduced the proteinuria with the

further reduction of urinary TGF-β secretion. The most degree of anti-proteinuric

effect of RASB was attained within 3 months after the administration of drug, but

further lowering of proteinuria was observed until 1 year after treatment. Higher

basal proteinuria before RASB especially more than 3 g/day and the presence of

crescent or segmental sclerosis in renal biopsy decreased the proteinuria-lowering

effect of RASB. Although DD genotype of ACE gene did not influence the anti-

proteinuric effect of RASB, the patient’s survival benefit was prominent in patients

with DD genotype.

10.2.3.2 Corticosteroid

In an open label trial conducted on 50 adult patients, daily administration of 1 mg/

kg of oral prednisolone for 2 months followed by tapering over 4 months on the top

of ARB treatment improved mean eGFR significantly from 80.2� 22.7 ml/min/
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Fig. 10.1 Serial changes in UPCR after RAS blockades in patients with IgAN
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1.73 m2 at baseline to 93.0� 41.2 ml/min/1.73 m2 and decreased UPCR

2.21� 2.0 g/g at baseline to 0.7� 0.7 g/g at 6 months after treatment. In addition

the corticosteroid therapy also decreased the extent of hematuria including

16 patients in whom hematuria completely disappeared. The serum IgA level

also decreased after treatment. Seven patients (14 %) who developed more than

20 % decrease in eGFR despite the corticosteroid therapy were characterized

by lower eGFR, higher systolic blood pressure, and more frequent presence of

crescent at baseline. Especially, the basal proteinuria of these patients was higher

than respondent patients (UPCR 3.92� 2.00 g/g vs. 1.93� 1.88 g/g) in whom

residual proteinuria after treatment was also higher (UPCR 1.63� 1.00 g/g

vs. 0.61� 0.59 g/g) [51].

Similar regimen of oral prednisolone or deflazacort on the top of RAS blockade

with good blood control also increased CCr by 11.5� 16.4 ml/min and decreased

24-h urine proteinuria by 4.4� 5.5 g/day and increased serum albumin level by

1.1� 2.3 g/dL in a retrospective analysis of 136 patients despite the relatively high

basal proteinuria of 5.8� 5.6 g/day. Because the follow-up duration was short and

too widely distributed and mean residual proteinuria after treatment was more than

1 g/day (1.4� 2.3 g/day), actual benefit of this treatment need more long-term

follow-up to be confirmed [52].

The effect of intravenous pulse administration of 500 mg of methylprednisolone

every 2 weeks for 6 months without accompanying oral corticosteroid administra-

tion improved the rate of eGFR decline in the 22 patients who had already

progressed more than CKD 3 stage(�0.93� 0.87 vs. 0.14� 0.99 ml/min/1.73 m2/

month, respectively, before and after treatment p¼ 0.007). Ten-month dialysis-free

survival after treatment was 100 % in patients with basal eGFR �30 ml/min/

1.73 m2 and 53 % in patients with eGFR <30 ml/min/1.73 m2 suggesting more

prominent reno-protective effect of this intermittent steroid pulse therapy in

Fig. 10.2 The differences

in doubling of serum

creatinine, ESRD, and death

according to the treatment

by RAS blockades in

patients with IgAN
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patients having more preserved renal function before treatment. Contrary to other

corticosteroid treatment, this treatment did not reduce albuminuria (UACR before

and after treatment 1.71� 1.60 mg/g vs. 1.48� 1.07 mg/g) although albuminuria

did not actually increase during follow-up [53].

A retrospective analysis showed that one of the main reasons for worse renal

survival in IgAN than in Hen€och-Sch€onlein purpura was earlier (durations between
biopsy and steroid start: HSP vs. IgAN 9.6� 14.8 months vs. 25.3� 17.8 months)

and more frequent use of steroid (HSP vs. IgAN 40.2 % vs. 14.2 %) in Hen€och-
Sch€onlein purpura. In fact, no difference in renal revival was observed between

IgAN and Hen€och-Sch€onlein purpura when matched baseline factors including

steroid treatment. In fact, eGFR decreased 83.4 ml/min/1.73 m2 to 58.5 mml/min/

1.73 m2, and UPCR increased from 1.1 to 2.2 g/g in IgAN patients before the

initiation of steroid implicating that earlier and more liberal steroid use might

improve the prognosis of IgAN patients [54].

In author’s hospital, corticosteroid was used in 44 (15.7 %) out of 281 patients

with IgAN. Compared with patients treated by RASB only, the patients to which

corticosteroid was administered were characterized by lower eGFR (85.70� 31.55

vs. 75.14� 26.29 ml/min/1.73 m2), higher UPCR (1.65� 1.55 vs. 2.80� 1.97 g/g),

lower serum albumin (4.01� 0.39 vs. 3.76� 0.46 g/dL), higher percentage of

glomeruli showing segmental sclerosis (8.26� 8.08 vs. 13.75� 12.26 %), and

more frequent presence of advanced tubulointerstitial lesions (17.5 vs. 38.6 %).

Modified Pozzi’s regimen in which 500 mg instead of 1,000 mg of methylprednis-

olone was administered reduced proteinuria and the degree of hematuria and

stabilized eGFR which had been decreasing before treatment (Fig. 10.3). The

effects on the reduction of proteinuria and the stabilization of eGFR of modified

Pozzi’s regimen were similar between the patients whose eGFR before treatment

was above and below 50 ml/min/1.73 m2, but the extent of reduction of hematuria

was greater in patients with pretreatment eGFR �50 ml/min/1.73 m2 than those

with pretreatment eGFR <50 ml/min/1.73 m2. Out of 38 patients, five patients

required more than two courses of corticosteroid treatment due to increased pro-

teinuria and/or acceleration of eGFR decline after initial treatment (unpublished

results).

Collectively, although there have been no settled indications for corticosteroid

treatment and no agreed method of administration of corticosteroid in IgAN before

the introduction of KDIGO guideline in Korea, corticosteroid treatment was effec-

tive in reducing proteinuria and inducing the improvement or stabilization of renal

function even in patients with already decreased eGFR before treatment.

10.2.3.3 Calcineurin Inhibitors

A double-blind randomized trial of tacrolimus (clinicaltrial.gov identifier

NCT01224028) in adult IgAN patients with UACR of 0.3�3.0 mg/g in which

introduction or intensification of RAS blockade is difficult owing to further lower-

ing of blood pressure demonstrated that the initial administration of tacrolimus of
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0.1 mg/kg/day adjusted to trough level of 5�10 ng/ml for 8 weeks followed by

halving the dose for remaining 8 weeks reduced albuminuria greater than placebo

(reduction rate of UACR: 60.2� 28.2 %, 62.2� 33.9 %, 48.5� 29.8 %, and

55.5� 24.0 %, respectively, at 4, 8, 12, and 16 weeks after tacrolimus

vs. 6.8� 32.2 %, 2.5� 35.9 %, 12.7� 34.2 %, and 21.9� 30.6 %, respectively,

at 4, 8, 12, and 16 weeks after placebo). Characteristically, anti-proteinuric effect of

tacrolimus was most prominent when eGFR mostly decreased from baseline, and

the difference in the reduction of proteinuria between tacrolimus and placebo

became unapparent after halving dose of tacrolimus in patients on ARB, suggesting

hemodynamic mechanism in anti-proteinuric effects of tacrolimus [55].

The combination of cyclosporine A adjusted to trough serum level of

100�200 ng/dL for 8�12 months with prednisolone of 1�2 mg/kg/day for

4 weeks followed by gradual tapering reduced 24-h urine protein from

107.1� 35.1 mg/m2/h to 7.4� 2.4 mg/m2/h in pediatric patients. At last follow-

up, proteinuria was normalized in nine patients (64.3 %) including six patients in

whom hematuria also disappeared. In the follow-up biopsies after completion of

cyclosporine A, histological grading of Hass classification improved in seven

patients (50 %), remained the same in three patients (21 %) and aggravated in

four patients (29 %), two of whom showed the clinical improvement despite the

worsening of histological findings. The degree of mesangial IgA deposition in

immunofluorescence examination decreased in 50 % of patients [56].

Collectively, calcineurin inhibitors could be used for the reduction of proteinuria

instead of RAS blockades in patients who are intolerable to RAS blockade due to

excessive lowering of blood pressure or in patients already under corticosteroid

treatment for further reduction of proteinuria. The mechanism of anti-proteinuric
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effect of calcineurin inhibitor might be hemodynamic or non-hemodynamic

depending on the clinical context where this drug is used.

10.2.3.4 Sulodexide

A retrospective study demonstrated that the daily administration of 50 mg of

sulodexide, an oral formulation of mixture of heparan sulfate and dermatan sulfate,

for 11.1� 2.7 months reduced the UPCR from 1.5� 0.6 g/g at baseline to

1.1� 0.7 g/g at the end of follow-up in 20 patients who had been maintained on

RAS blockade with stable blood pressure more than 2 years. A quarter of patients

showed more than 50 % reduction in proteinuria, and 40 % of patients showed

UPCR less than 1 g/g at final follow-up. Interestingly, the anti-proteinuric effects of

sulodexide were greater in patients with larger basal proteinuria [57].

Encouraged by anti-proteinuric effect in diabetic nephropathy of sulodexide, a

multicenter randomized double-blind trial of daily administration of 50 mg and

150 mg of sulodexide for 6 months was conducted on 104 patients who had been

maintained on RAS blockade with stable blood pressure. Although there were no

differences in the primary outcome, i.e., more than 50 % reduction of UPCR,

between treatment groups (12.5 % in placebo, 4.0 % in 75 mg of sulodexide, and

21.4 % in 150 mg of sulodexide), 150 mg of sulodexide significantly reduced the

log UPCR of the patients within group from 6.38� 0.77 to 5.98� 0.94 in time-

dependent manner ( p¼ 0.045). The relatively low basal UPCR of 0.6�0.8 g/g and

short duration of treatment might contribute to the negative results in this

study [58].

Collectively, these studies suggested that the long-term administration of

sulodexide might be effective in reducing proteinuria in patients with relatively

high basal proteinuria.

10.2.3.5 Omega-3 Fatty Acid

No studies of omega-3 fatty acid in Korean patients with IgAN were published.

Actually a double-blind, placebo-controlled, multicenter phase 3 trial of omega-3

fatty acid in IgAN patients with decreased renal function has been completed

(clinicaltrial.gov identifier NCT 00549692), but the results are not yet published.

10.2.4 Prognosis

A retrospective analysis for 1,364 patients with IgAN showed that 10-, 20-, and

30-year renal survival rates over median period of 96 months (interquartile range

(IQR) 56–187) were 82.0 %, 70.8 %, and 67.3 %, respectively. The median time to

ESRD was 71 months (IQR 32–123). Initial renal function was the most important
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determinant of renal survival, and hypertension, segmental sclerosis �20 %,

hypoalbuminemia were independent risk factors for renal survival. Gross hematuria

was a favorable factor for renal survival.

Ten-, 20-, and 30-year patient survival rates over median period of 101 months

(IQR 38–189) were 96.3 %, 91.8 %, and 82.7 %, respectively. The median time to

death was 101 months (IQR 38–189). Age was predominant risk factor for death,

and hypertension, hypoalbuminemia, and the occurrence of cancer were indepen-

dent risk factors for patient survival. The half of patient’s death (55.7 %) occurred

before reaching ESRD. The main causes of pre-ESRD death were the malignancy

(30.8 %, n¼ 12), cardiovascular disease (12.8 %, n¼ 5), and infection (15.8 %,

n¼ 6). Ten-year and 20-year survival rates after ESRD were 88.6 % and 66.3 %,

respectively. The major causes of death after ESRD were renal-related causes,

cardiovascular disease, and infection. Out of 209 patients who received immuno-

suppressive therapy, 24 (11.4 %) patients died. Half of these patients died of

infection [59].

Compared to other primary GN, renal survival of the patients with IgAN was

better than membranoproliferative glomerulonephritis, similar to focal segmental

glomerulosclerosis, and worse than minimal change disease. Despite the similar

renal survival, patient survival was better in IgAN than focal segmental glomerulo-

sclerosis due to better patient survival after reaching ESRD. Compared to other

primary glomerulonephritis, extrarenal morbidities such as diabetes mellitus, can-

cer, and cardiovascular complications occurred least in patients with IgAN during

the follow-up. Mortality rate relative to age/sex-matched general population (SMR,

standardized mortality ratio) was 1.43 (95 % CI 1.04–1.92) meaning IgAN patients

have a little higher mortality than general population. But, the mortality rate of male

patients mortality rate was similar to general population (SMR 1.22 CI 0.82–1.75),

while the mortality rate of female patients was more than twofolds higher than

general population [60].

While 5-year renal survival rate was 78.9 % in 223 patients biopsied between

1980 and 1993 [A-61], it was 88.0 % in 223 patients biopsied between 2002 and

2004, in whom RAS blockade, corticosteroid, and statin were prescribed in 87.0 %,

11.4 %, and 18.8 %, respectively [unpublished data].
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Chapter 11

Differences in Etiology and Treatment

in Japan

Ritsuko Katafuchi

Abstract IgA nephropathy is a major glomerulonephritis in Japan, 30–50 % of

primary glomerulonephritis in adults and around 20 % in children. Around 70 % of

patients are found as asymptomatic hematuria and/or proteinuria.

A number of investigations concerning tonsillar abnormality have been reported,

which may reflect the characteristic pathogenesis of IgA nephropathy in Japan.

Since Kobayashi et al. firstly reported a significant effect of steroids on reducing

proteinuria and prevention of progression in 1986, the steroid treatment was started

to be used in patients with progressive IgA nephropathy.

The effect of tonsillectomy has been reported in IgA nephropathy with chronic

tonsillitis. Since Hotta et al. reported the impact of tonsillectomy and steroid pulse

therapy on the remission of urinary abnormality in 2001, tonsillectomy with steroid

pulse therapy has been widely spread throughout of Japan as the first line of

treatment of adult patients with IgA nephropathy. However, high-level evidence

of the effectiveness of such treatment on long-term outcome has been required. In

2014, Kawamura et al. reported a significantly greater antiproteinuric effect in

patients treated with tonsillectomy combined with steroid pulse therapy than in

those with steroid pulse monotherapy in a multicenter, randomized, controlled trial

(RCT). However, since the difference was marginal, the impact of tonsillectomy

combined with steroid pulse therapy on the renal outcome remains unknown.

The treatment of Japanese childhood IgA nephropathy has been determined

based on several RCTs in the different subset of children with IgA nephropathy

by the Japanese Pediatric IgA Nephropathy Treatment Study Group.
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11.1 The Characteristics of IgA Nephropathy in Japan

IgA nephropathy is a major glomerulonephritis in Japan. The percentage of IgA

nephropathy in primary glomerulonephritis is 30–50 % in adults and around 20 % in

children. In addition, around 70 % of patients are found as asymptomatic hematuria

and/or proteinuria by school screening system or annual health check system for

employee. Out of the population with asymptomatic hematuria and/or proteinuria,

60–70 % of adults and around 30 % of children are IgA nephropathy. The incidence

of IgA nephropathy was estimated to be as high as 143 cases per one million

per year.

11.1.1 The Clinical and Pathological Characteristics of IgA
Nephropathy in Japan

In this part, the nationwide or other main clinicopathological studies of IgA

nephropathy in Japan will be introduced chronologically, as summarized in

Table 11.1. In 1977, the first English paper concerning IgA nephropathy in Japan

was reported by Ueda et al. [1]. They found 85 patients (28 %) with IgA nephrop-

athy among 306 Japanese patients, who were biopsied at Tokyo Jikei University

between January 1967 and December 1974. In their study, the majority of patients

with IgA nephropathy presented with a mild degree of proteinuria and/or persistent

microscopic hematuria, and recurrent gross hematuria was noted in 15 % of patients

[1]. Light microscopic findings of IgA nephropathy were divided into minimal,

focal, and diffuse proliferative glomerular lesions. Diffuse proliferative glomerular

lesions were observed in 56 % of patients, one-third of whom showed small

crescent formations [1]. In 1983, Kitajima et al. reported the actual state of IgA

nephropathy in Japan surveyed throughout the nation by a questionnaire [2]. From

26 department of pediatrics, 500 pediatric patients and, from 27 internal medicine,

2175 adult patients were collected. IgA nephropathy accounted for 19.2 % of the

children and 30.0 % of the adults among primary glomerular disease. Majority of

patients, regardless children and adults, were detected by chance proteinuria and/or

hematuria. 87.2 % of the children and 74.6 % of the adults had a favorable outcome.

During follow-up, nephrotic syndrome developed in 4.6 % of the children and

3.7 % of the adults, and hypertension developed in 3.5 % and 10.6 % of the children

and adults, respectively. 1.8 % of the children and 8.0 % of the adults developed

renal failure or died [2]. In 1985, a symposium of IgA nephropathy at the annual

meeting of the Japanese Society of Nephrology in 1982 was edited by Doctor

Glassock and modulated by Doctor Kurokawa and summarized that IgA nephrop-

athy is a major glomerulonephritis in Japan and a substantial fraction of patients

present with so-called chance proteinuria [3]. Two cohort studies were described as

summarized in Table 11.1. As for pediatric IgA nephropathy in Japan, Yoshikawa

et al. reviewed the detail clinical and pathological features of 258 children with IgA
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nephropathy in 1989 [4]. IgA nephropathy was the most common primary glomer-

ulonephritis in children, and 25 % of biopsy specimens obtained between 1981 and

1985 were IgA nephropathy. A total of 60 % were boys and mean age at onset was

9.3� 2.8 years in boys and 10.3� 2.4 years in girls, and 61 % of the children were

found to have microscopic hematuria and/or asymptomatic proteinuria, mainly by a

school screening program, which was started by the Japanese government in 1974.

The remission rate of urinary abnormality was 28 %, 58 %, and 71 % at 5, 10, and

15 years, respectively. The renal survival free from chronic renal failure was 95 %,

94 %, and 89 % at 5, 10, and 15 years, respectively [4]. In 1985 and 1993, the

Research Group on Progressive Renal Diseases organized by the Ministry of

Health, Labour and Welfare of Japan conducted a national survey and the results

were reported by Koyama et al. in 1997 [5]. They emphasized a high prevalence and

relatively poor prognosis for IgA nephropathy in Japan. Out of 1,063 patients with

primary glomerulonephritis, 502 patients (47 %) were diagnosed as IgA nephrop-

athy. Nearly 70 % of patients had no clinical symptoms and were detected by

routine health examination. The mean period of observation was 11.3� 6.3 years.

Renal survival rates were 96 %, 85 %, 75 %, and 61 % at 5, 10, 15, and 20 years,

respectively. At the end of the observation, 20 % of the patients had improved, 45 %

showed no change, 14 % had deteriorated, and 20 % had end-stage renal failure.

The risk factor for renal failure examined by logistic multivariate analysis was

serum creatinine ¼>1.4 mg/dl and proteinuria 1þ or more determined at the time

of biopsy [5]. In 1995, the Research Group on Progressive Renal Disease and the

Research Committee on the Epidemiology of Intractable Diseases organized by the

Ministry of Health, Labour and Welfare of Japan conducted a nationwide survey on

IgA nephropathy [6]. This survey identified 5,324 patients with IgA nephropathy,

who had visited general physicians, nephrologists, pediatricians, or urologists in

Japan during 1994. Among those patients, Wakai et al. selected 2,269 patients with

IgA nephropathy from 97 clinical units in Japan, conducted a prospective cohort

study from 1995 to 2002, and reported a unique scoring system to predict renal

outcome in IgA nephropathy in 2006 [7]. During follow-up, 207 patients (9 %)

developed end-stage renal failure (ESRF). Systolic hypertension, proteinuria,

hypoproteinemia, azotemia, and a high histological grade [8] at initial biopsy

were independently associated with the risk of ESRF. They developed a scoring

system to estimate the 7-year ESRF risk, from eight clinical and pathological

variables [7]. In 2005, Nozawa et al. reported clinicopathological features and the

prognosis of 181 Japanese children with IgA nephropathy [9]. After mean follow-

up of 7.3 years from onset, 91 patients of 181 (50.3 %) were in clinical remission,

24 (13.2 %) had isolated hematuria, and 59 (32.6 %) had hematuria and proteinuria.

Seven patients (3.9 %) developed ESRF. Predicted renal survival rate from onset

was 92.3 % at 10 years and 89.1 % at 20 years. In multivariable analysis, age at

onset and chronic changes of tubulointerstitium were associated with poor

outcome [9].
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11.1.2 The Incidence and Prevalence of IgA Nephropathy
in Japan

In 1981, the incidence of IgA nephropathy in patients with chance proteinuria and

hematuria was examined by a joint effort of many institutions and supported by the

National Ministry of Health and Welfare [3]. Among 335 patients (138 children and

197 adults) who received kidney biopsy because of chance proteinuria and hema-

turia, 33 % of children and 63 % of adult patients were IgA nephropathy

[3]. Although the exact incidence or prevalence of IgA nephropathy in Japan is

not known, it can be estimated that as much as 0.3 % of the population or

approximately 0.3 million Japanese are suffering from IgA nephropathy, based on

the data obtained on the occasion of urinary examination in school children,

students, and employees [3]. According to the survey from 1993 to 1995 by the

Research Committee on the Epidemiology of Intractable Diseases with the financial

supports from the Ministry of Health, Labour and Welfare of Japan, the estimated

annual numbers of patients treated for IgA nephropathy in 1994 were 24,000

patients (95 % confident interval 21,000–27,000) [6]. In 1996, Yamagata

et al. reported a unique prospective long-term follow-up studies of 805 patients

(1.4 %) with asymptomatic proteinuria and/or hematuria (478 patients with pure

hematuria, 150 with hematuria and proteinuria, and 177 with proteinuria) selected

in the mass screening of 56,269 adults between 1983 and 1992 [10]. Renal biopsy

was performed in 151 patients in the study population and 68.2 % of these patients

had IgA nephropathy. High prevalence of IgA nephropathy in the adult patients

with asymptomatic proteinuria and/or hematuria selected in the mass screening was

confirmed in their study. In 2002, Yamagata et al. reported a further long-term

follow-up study (6.35 years, range 1.03–14.6 years) on Japanese working men to

elucidate prognosis and prevalence of chronic renal diseases among proteinuric

and/or hematuric subjects found in mass screening [11]. A total of 772 subjects

(1.5 %) selected from 50,501 Japanese men aged 15–62 years were found to have

asymptomatic hematuria (n¼ 404), hematuria and proteinuria (n¼ 155), and pro-

teinuria (n¼ 213) during their annual urine examination and five consecutive

urinalyses. Renal biopsy was performed in 168 patients and 60.7 % of these patients

had IgA nephropathy. The incidence of IgA nephropathy in the present subjects was

estimated to be as high as 143 cases per one million per year [11]. In 2007, the

Committee for the Standardization of Renal Pathological Diagnosis and the Work-

ing Group for Renal Biopsy Database of the Japanese Society of Nephrology started

the first nationwide, web-based, and prospective registry system, the Japan Renal

Biopsy Registry (J-RBR), to record the pathological, clinical, and laboratory data of

renal biopsies. Sugiyama reported the results of a cross-sectional study using the

pathological diagnoses registered on the J-RBR in 2007 and 2008 [12]. Data were

collected from 818 patients from 18 centers in 2007 and 1582 patients from

23 centers in 2008. Renal biopsies were obtained from 726 native kidneys and

92 from renal grafts in 2007 and 1,400 native kidneys and 182 renal grafts in 2008

[12]. Of the native kidneys, the most frequent pathological diagnosis was IgA
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nephropathy both in 2007 (32.9 %) and 2008 (30.2 %) [12]. In 2013, Sugiyama

reported the registered data from 3,336 cases in 2009 and 4,106 cases in 2010

[13]. The percentages of IgA nephropathy were 31.6 % and 30.4 %, in 2009 and

2010, respectively.

11.2 The Etiology of IgA Nephropathy Investigated by

Japanese Researchers

Although the pathogenesis of IgA nephropathy is not fully determined, they include

the genetic factors, abnormality of IgA molecule, abnormality of mucosal immune

system such as the tonsil and intestine, infectious antigen, and food antigen.

Obviously, it is not known whether the etiology of IgA nephropathy differs

among different parts of the world. There has been much works done in Japan

concerning the pathogenesis of IgA nephropathy. Here, investigations by Japanese

researchers concerning an abnormality of IgA molecule, tonsillar abnormality,

infectious antigen, and food antigen are described.

11.2.1 Abnormality of IgA1 Molecule

The accumulated evidences of a pathogenetic significance of IgA1 molecule abnor-

mality in IgA nephropathy investigated by Hiki et al. include the existence of the

dimeric form of IgA class anti-IgA antibody in the circulation [14], the increased

reactivity of O-glycan(s) in the IgA1 hinge region to jacalin due to an unusual

glycosylation of serum IgA1 [15], the unusual glycosylation on the hinge region of

jacalin-binding IgA1 due to an insufficient conformational stiffness to the hinge

peptide, resulting in the aggregation of the IgA1 molecule [16], the presence of a

defect in the Gal and/or GalNAc residues in the IgA1 hinge glycopeptides [17], the

aberrant exposure of the peptide core of the IgA1 hinge region by a defective

N-acetylgalactosaminylation [18], the underglycosylated hinge glycopeptide of

IgA1 molecules in the glomerular accumulation of IgA1 [19], and a possibility of

induction of the humoral immune response due to the peptide epitope of the IgA1

hinge region aberrantly exposed by underglycosylation [20].

11.2.2 Tonsillar Abnormality

In Japan, a number of investigations of the tonsillar abnormality in IgA nephrop-

athy have been reported.
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The reports of the histochemical investigations of tonsillar abnormality in

patients with IgA nephropathy include the presence of IgA1 subclass in follicular

dendritic cells (FDC) of the tonsil [21], a decreased reticulization of tonsillar crypt

epithelium [22], an increase in CD5þ B cells (B-1 cell) numbers in the germinal

center of tonsils [23], and an increase of CD208(þ) dendritic cells [24].

The reports of the studies of IgA produced in tonsil in patients with IgA

nephropathy include an overproduction of asialo IgA1 in the tonsils [25], an

increase in the percentage of asialo-agalacto type O-glycans in IgA1 produced by

tonsillar lymphocytes [26], and a significant increase in asialo-agalacto type

O-glycans in the tonsillar IgA1 hinge in IgA nephropathy [27].

The reports for the production of cytokines by tonsillar mononuclear cells or

gene expression of tonsillar cells in IgA nephropathy include increased IFN-gamma

production [28], increased MCP-1, IL-8 incubation with staphylococcus

enterotoxin-B or lipopolysaccharide [29], an elevated frequency of T cell receptor

variable (TCR V) beta 6 in tonsils [30, 31], an increase in the proportions of TCR V

beta 6-positive cells in peripheral blood T cells and an enhanced expression of TCR

V beta 6 in tonsillar T cells in vitro stimulation with Haemophilus parainfluenzae
antigen [31], a high intercellular expression of IFN-gamma on the T cells isolated

from tonsils, higher spontaneous productions of IgA and IFN-gamma of tonsillar

mononuclear cells (TMCs), a significantly higher productions of IgA, B cell

activation factor BAFF and IFN-gamma of TMCs under stimulation with

unmethylated deoxycytidyl-deoxyguanosine oligodeoxynucleotide, a high BAFF

expression on the CD1c cells and the BAFF production of TMCs [32], an elevated

gene expression of the APOBEC2 in the tonsils [33], a decreased gene expression

of beta1,3-galactosyltransferase (beta3GalT) and the core 1 beta3GalT-specific

molecular chaperone, Cosmic, UDP-N-acetyl-alpha-D-galactosamine, polypeptide

N-acetylgalactosaminyltransferase 2 in tonsillar CD19-positive B lymphocytes,

decreased protein expression of beta3GalT in the tonsils [34], a high expression

of tonsillar mucosal toll-like receptor 9 (TLR9) in 23 % of the patients with IgA

nephropathy and well correlation between tonsillar TLR9 and TLR9 SNP and the

efficacy of tonsillectomy with steroid pulse therapy [35], and upregulated muscle-

related genes and immune-related genes and downregulated polymeric Ig

receptor [36].

11.2.3 Infectious Antigen

The viruses which have been reported in relation to IgA nephropathy include adeno,

herpes simplex, varicella-zoster or parainfluenza 3 [37], retrovirus [38], and entero-

viruses [39]. However, Kunimoto et al. reported that they could not detect the

presence of herpes simplex virus 1 and 2, varicella-zoster virus, cytomegalovirus,

and Epstein-Barr virus (EBV) 1 and 2 in tonsils, renal tissues, and mouth washings

from patients with IgA nephropathy [40].
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The bacteria which have been reported as a candidate of the pathogenesis of IgA

nephropathy include Haemophilus parainfluenzae [41–48], Streptococcus [49, 50],
Escherichia coli [51], Haemophilus influenzae [51], Staphylococcus aureus
[52, 53], and Helicobacter pylori [54, 55] and periodontal disease bacteria such

as Treponema sp., Haemophilus segnis, and Campylobacter rectus [56].

11.2.4 Food Antigen

Only few reports concerning the food antigen in relation to the pathogenesis of IgA

nephropathy have been published between 1988 and 1991 in Japan. Yagame

et al. reported no increase in the levels of IgA-circulating immune complexes

(IgA-CIC) 2 weeks after the gluten-rich diet and suggested that the short-term

gluten-rich diet might not increase the levels of IgA-CIC in Japanese patients with

IgA nephropathy [57]. Kuramoto et al. reported no difference in the serum level of

IgG, IgA, and IgM antibody titers against six food-derived antigens (rice, soybean

paste, soy sauce, egg yolk, egg white, and gluten) between the patients with IgA

nephropathy and healthy controls and suggested that food antigens appear to have

little relation to IgA nephropathy [58]. The glomerular deposition of food antigens

was investigated in two reports; 39.3 % and 25 % of patients were positive with

casein [59, 60], 69 % and 75.0 % with soybean protein [59, 60], and 3.6 % with rice

protein [59].

In 1991, Coppo et al. reported a comparative investigation concerning geograph-

ical difference in the importance of food antigen as a pathogenesis of IgA nephrop-

athy [61]. Serum IgA as antibodies to dietary antigens (Ag), as lectin-binding

molecules, and as conglutinin-binding immune complexes (IgA IC) was studied

in people from Italy, Australia, and Japan. Increased values of IgA IC were detected

in 42.8 % of Italian patients, in 23.8 % of Australian, and in only 8 % of Japanese

patients. IgA antibodies against dietary Ag were detected in 19–28.5 % of Italian

patients, 0–38 % of Australians, and 0–16 % of Japanese. The relationship between

IgA IC and serum concentration to alimentary component was particularly evident

for Italian and Australian IgA nephropathy patients [61].

These results suggest that the dietary antigen as a pathogenesis might be less

important in Japanese patients with IgA nephropathy.
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11.3 The Treatment of IgA Nephropathy in Japan

11.3.1 Overview of the Treatment of IgA Nephropathy
in Japan

The most conspicuous treatment of the patients with IgA nephropathy in Japan

includes steroid therapy, tonsillectomy, and tonsillectomy with steroid pulse

therapy.

Kobayashi et al. firstly reported a significant effect of steroids on the amount of

proteinuria and prevention of progression of renal deterioration in series of retro-

spective studies [62–66]. Since then, Japanese nephrologists began to use steroid in

patients with progressive IgA nephropathy. Although there have been many retro-

spective studies concerning the efficacy of steroid therapy [67–78], only a few

randomized control trials have been reported in adult patients with IgA nephropathy

[79–81].

The effect of tonsillectomy has been reported in patients with IgA nephropathy

especially in those with chronic tonsillitis [82–89]. In 2001, Hotta et al. reported the

impact of tonsillectomy and steroid pulse therapy on the remission of urinary

abnormality in patients with IgA nephropathy [90]. Since then, there have been

many reports published about the efficacy of such therapy [91–100], and tonsillec-

tomy with steroid pulse therapy has been widely spread throughout Japan as the first

line of treatment of adult patients with IgA nephropathy [101, 102]. However, the

tonsillectomy with steroid pulse therapy was not accepted as a standard treatment of

IgA nephropathy internationally due to the lack of high-level evidence of the effect

of such therapy. The recent Kidney Disease: Improving Global Outcomes clinical

guideline for glomerulonephritis suggests that tonsillectomy not be performed for

IgA nephropathy, because no randomized controlled trial of tonsillectomy has been

performed [103]. Recently, Kawamura et al. reported the results of a multicenter,

randomized, controlled trial (RCT) of tonsillectomy combined with steroid pulse

therapy in patients with IgA nephropathy versus steroid pulse monotherapy

conducted by the Special IgA Nephropathy Study Group of the Progressive Glo-

merular Diseases Study Committee organized by the Ministry of Health, Labour

and Welfare of Japan [104]. Although they found a significantly greater

antiproteinuric effect in combined therapy, the difference was marginal. Thus,

they concluded that the impact of tonsillectomy combined with steroid pulse

therapy on the renal functional outcome remains to be clarified. The details of

this randomized controlled trial will be described in Chap. 19.

In contrast to the treatment of the adult patients with IgA nephropathy in Japan,

the treatment of Japanese pediatric patients with IgA nephropathy has been deter-

mined in evidence-based method by the Japanese pediatric IgA nephropathy treat-

ment group. They performed several RCTs or pilot studies in the different subset of

children with IgA nephropathy [105–110].

In this part, the major clinical investigations of treatment of IgA nephropathy in

Japan will be described, in adult patients and pediatric patients, separately.
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11.3.2 The Treatment of Adult Patients with IgA
Nephropathy in Japan

11.3.2.1 Steroid Therapy

Main results of a series of the retrospective studies by Kobayashi et al., case series

by Yoshimura et al., and three RCTs are summarized in Table 11.2.

In 1986, Kobayashi et al. reported the efficacy of steroid treatment in patients

with IgA nephropathy, whose urinary protein was between 1.0 and 2.0 g/day [62]. A

total of 14 patients were treated with steroids, and 29 patients received no steroids.

They found significant reduction of urinary protein in patients with steroid treat-

ment and deterioration of renal function in patients without steroids. The difference

in the amount of proteinuria and renal function at the final observation between the

patients with steroid treatment and those without it was more distinct in patients

with initial creatinine clearance (Ccr) 70 ml/min or more. Thus, they concluded that

treatment with steroids in IgA nephropathy may be beneficial, especially in the

early stage of the disease. In 1988, Kobayashi et al. investigate the efficacy of

steroids in 29 patients with IgA nephropathy whose proteinuria is 2.0 g/day or more

and found that steroids were effective in patients with initial Ccr greater than 70 ml/

min [64]. They suggested that steroid therapy in IgA nephropathy may be able to

stabilize a progressive course, especially in the early stage of the disease. In 1989,

Kobayashi et al. further investigated the efficacy of steroid therapy in IgA nephrop-

athy patients with proteinuria between 1.0 and 2.0 g/day in the follow-up of more

than 4 years and confirmed the efficacy of steroid treatment in the reduction of the

amount of proteinuria and stabilization of renal function in patients with initial Ccr

70 ml/min or more [65]. In 1996, Kobayashi et al. confirmed the efficacy of steroid

therapy on 10-year kidney outcome in patients with proteinuria 1–2 g/day and Ccr

70 ml/min or more [66].

The report by Yoshimura et al. in Japanese article is worthy to introduce here

because it is the first one concerning the effect of steroid pulse therapy in IgA

nephropathy [67]. They reported a significant decrease in urinary protein and a

significant increase in glomerular filtration rate (GFR) after the methylprednisolone

pulse therapy in eight patients with progressive IgA nephropathy, defined as 2þ or

more urinary protein and crescents in 10 % or more glomeruli. They also found a

significant reduction in the percentage of cellular crescent in the second biopsy after

the treatment compared to the first biopsy. Thus, they suggested that the methyl-

prednisolone pulse therapy significantly reduced urinary protein excretion and

improved renal function through suppression of new crescent formation as well

as transformation of cellular crescents to fibrocellular or fibrous crescents.

In 2000, Shoji et al. reported the result of the first RCT in Japanese patients with

IgA nephropathy [79]. Inclusion criteria were diffuse mesangial proliferation, the

duration of abnormal urinalysis less than 36 months, proteinuria less than 1.5 g/day,

and serum creatinine level less than 1.5 mg/dL. A total of 21 patients were

randomly assigned to the corticosteroid group (11 patients) and the antiplatelet
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group (10 patients). They found a significant reduction in proteinuria and a signif-

icant improvement of histological findings in the corticosteroid group and con-

cluded that early treatment with corticosteroids for adult diffuse proliferative IgA

nephropathy is effective in reducing renal injury.

In 2003, Katafuchi et al. reported the results of RCT of low-dose prednisolone

therapy in patients with IgA nephropathy with moderate histological severity

[80]. A total of 43 patients in the steroid group and 47 patients in the control

group were included in their study and found a significant antiproteinuric effect of

steroids, but there was no effect of steroid treatment on kidney outcome. Thus, they

suggested that an insufficient dose of prednisolone in their protocol may be the

reason for the discrepancy between the effect on proteinuria and kidney survival.

In 2008, Koike et al. reported the result of RCT in patients with IgA nephropathy

with mild histological activities [81]. A total of 24 patients in the steroid group and

24 patients in the control group were included in their study. They found a

significant decrease in the amount of proteinuria and the grade of hematuria in

steroid group compared to controls and concluded that low-dose steroid therapy for

IgA nephropathy patients with mild inflammatory lesions could reduce the amount

of urinary protein excretion and prevent deterioration of renal function.

11.3.2.2 Tonsillectomy

The results of reports that concern the efficacy of tonsillectomy in a large number of

patients with IgA nephropathy are summarized in Table 11.3.

In 1996, Tomioka et al. reported the relationship between remission rates of

urinary abnormality at 1 year after tonsillectomy and clinico-pathological factors in

104 patients with IgA nephropathy, who received tonsillectomy [83]. They found

that the patients with mild or moderate renal pathology had higher postoperative

remission rates of proteinuria than those with advanced renal pathology, and there

was no significant relationship between the efficacy of tonsillectomy and the past

history of tonsillitis, age, pus plugs in the lacunae, temporary deterioration of

urinary findings after tonsillectomy, and results of provocation tests.

In 2003, Xie et al. reported a clinical efficacy of tonsillectomy on long-term

renal survival of patients with IgA nephropathy [85]. They reviewed the clinical

course of 118 patients with IgA nephropathy, of whom 48 patients received

tonsillectomy and 70 patients did not. The mean observation time was

192.9� 4.8 months (48–326 months). Age, gender, amount of urinary protein

excretion, serum creatinine, serum IgA, blood pressure, and histopathologic find-

ings at the time of renal biopsy and treatments during the observation period were

not significantly different between patients with and without tonsillectomy. The

percentage of patients who developed ESRF was significantly lower in patients with

tonsillectomy than those without tonsillectomy, 10.4 % and 25.7 %, respectively.

By Kaplan-Meier analysis, the renal survival rate at 240 months was significantly

higher in patients with tonsillectomy than those without it (89.6 % and 63.7 %,

respectively). In the multivariate Cox regression model, tonsillectomy had a
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significant effect on renal outcome (hazard ratio, 0.22; 95 % confidence interval,

0.06–0.76). They concluded that tonsillectomy has a favorable effect on long-term

renal survival in patients with IgA nephropathy.

In 2004, Akagi et al. also reported an efficacy of tonsillectomy on the improve-

ment of long-term renal outcome in 10-year retrospective case-control study with

71 patients with IgA nephropathy [86]. Out of them, 41 patients received tonsillec-

tomy (TXþ) and 30 did not received tonsillectomy (TX�). In TXþ group, there was

no relationship between long-term outcome and the results of tonsillar provocation

test, although the percentage of the patients with stable renal function was signifi-

cantly higher in patients with mild pathology than those with advanced pathology.

They concluded although evaluation of renal pathology was useful in predicting the

long-term effects of tonsillectomy in IgA nephropathy patients, the results of tonsillar

provocation tests were not.

In 2012, Maeda et al. reported beneficial effects of tonsillectomy on remission

and progression of IgA nephropathy in a single-center 7-year historical cohort study

in 200 patients with IgA nephropathy [89]. Out of 200 patients, 70 received

tonsillectomy. Tonsillectomy was associated with increased incidence of clinical

remission and decreased incidence of GFR decline after adjustment for age and

gender, laboratory, histological severity, or treatment variables (steroid and renin-

angiotensin system inhibitors). Thus, they concluded that tonsillectomy was asso-

ciated with a favorable renal outcome of IgA nephropathy in terms of clinical

remission and delayed renal deterioration independent of steroid therapy.

11.3.2.3 Tonsillectomy with Steroid Therapy

The major reports that concern the efficacy of tonsillectomy and steroid therapy

including steroid pulse therapy in patients with IgA nephropathy are summarized in

Table 11.3.

In 2001, Hotta et al. reported the results of a retrospective investigation of renal

outcome in 329 patients with IgA nephropathy with an observation period longer

than 36 months [90]. Tonsillectomy was performed in 250 patients (76 %);

125 patients were treated with steroid pulse therapy. In 157 of 329 patients

(48 %), disappearance of urinary abnormalities (clinical remission) was obtained.

None of these 157 patients showed progressive renal deterioration, defined as a

50 % increase in serum creatinine level from baseline, during the observation

period. Conversely, in patients without clinical remission, the Kaplan-Meier esti-

mate of probability of progressive deterioration was 21� 5 % at 10 years. In the

multivariate Cox regression model, initial serum creatinine level, histological

score, tonsillectomy, and high-dose methylprednisolone therapy had a significant

impact on clinical remission. Thus, they suggested that interventions aimed at

achieving clinical remission have provided encouraging results applicable to man-

aging patients with IgA nephropathy. Since their study has been published, the goal

of the treatment of the patients with IgA nephropathy seems to be shifted from the

prevention of the progression toward the clinical remission in Japan.

In 2003, Sato et al. reported the results of retrospective investigation in 70 patients

with advanced IgA nephropathy (serum creatinine 1.5 mg/dl or higher) [91]. They
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found that the incidence of ESRFwas significantly lower in patients treated by steroid

pulse with tonsillectomy than those treated by conventional steroid and supportive

therapy at a baseline creatinine level of 1.5–2 mg/dl, but no statistical difference was

observed at a level of >2 mg/dl. Thus, they concluded that steroid pulse therapy

combined with tonsillectomy may be more effective than conventional steroid ther-

apy in patients with a baseline creatinine level of 2 mg/dl or less.

In 2004, Matutani et al. reported the relationships between the remission rate of

urinary abnormalities and clinical characteristics and the tonsillar findings in

186 patients with IgA nephropathy who received tonsillectomy and steroid pulse

therapy [92]. The remission of proteinuria was observed in 134 patients (72 %) and

remission of hematuria was observed in 111 patients (60 %). There was no

significant difference in remission rate of either proteinuria or hematuria in terms

of the past history of recurrent tonsillitis, episodes of synpharyngitic gross hema-

turia, pus plugs in the tonsillar lacunae, size of tonsils, age, and the results of

tonsillar provocation tests. Thus, they suggest that it is difficult to predict the

efficacy of tonsillectomy and steroid pulse therapy based on the gross appearance

of tonsils, the tonsillar provocation test, or clinical episodes of tonsillitis.

In 2005, Komatsu et al. investigated the significance of prognostic factors in

their cohort study in 237 patients with IgA nephropathy [93]. Steroid therapy was

performed in 78 patients (32.9 %). Tonsillectomy was performed in 104 patients

(43.9 %). A total of 30 patients developed ESRF. They found a significant contri-

bution of tonsillectomy to the maintenance of renal survival and the disappearance

of urinary abnormalities and that steroid therapy independently contributed to

improve renal prognosis in addition to tonsillectomy. Thus, they concluded that

steroid therapy and tonsillectomy can independently improve renal outcome in

patients with IgA nephropathy.

In 2007, Miyazaki et al. reported an effect on clinical remission (normalization of

urinary abnormality) of tonsillectomy combined with three courses of high-dose

corticosteroid therapy compared to steroid monotherapy in multicenter prospective

cohort study in 101 patients with IgA nephropathy observed for 5 years and con-

cluded that the goal should be cured and released from disease at an earlier stage of

IgA nephropathy [94]. In their study, the difference of efficacy on clinical remission

between tonsillectomy with steroid pulse therapy and steroid monotherapy was

significant only in patients with proteinuria 1.0 g/day or more. They suggested that

it is necessary to reveal which clinical or histological features will most likely derive

the most benefit from tonsillectomy with steroid pulse therapy, and the best strategy

for each stage of IgA nephropathy should be confirmed. In addition, they reported

useful data about the relapse rate, 4 % in patients treated with tonsillectomy and

steroid pulse therapy and 17 % in those with steroid monotherapy.

In 2008, Komatsu et al. reported the results of a prospective, controlled study in

55 patients with IgA nephropathy [95]. A total of 35 patients received tonsillectomy

with steroid pulse (TSP) therapy and 20 with steroid pulse (SP) monotherapy. At

final observation, the ratios of the urinary protein and/or hematuria remission were

significantly higher in TSP than in SP group. The Cox regression model showed

that the combined therapy was approximately sixfold more effective in causing the

disappearance of proteinuria than steroid pulse monotherapy. They concluded that
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tonsillectomy combined with steroid pulse treatment can induce clinical remission

in patients with IgA nephropathy.

In 2010, Kawaguchi et al. reported an effectiveness of steroid pulse therapy with

tonsillectomy in 388 patients with IgA nephropathy with minimal proteinuria (daily

urinary protein 0.5 g or less) [96]. During a median follow-up of 24 months,

170 patients showed clinical remission (43.8 %). They found significantly higher

rate of clinical remission in patients with tonsillectomy plus steroid pulse therapy

than in those with other therapies. Less severe histological findings were substan-

tially associated with higher clinical remission rate in patients treated with tonsil-

lectomy plus steroid pulse therapy. They concluded that tonsillectomy with steroid

pulse therapy significantly increased the probability of clinical remission in IgA

nephropathy patients with glomerular hematuria and minimal proteinuria, and it

was more effective in those with less severe histological findings.

In 2012, Ieiri et al. reported the relationship between the duration of nephropathy

and clinical remission rate in 495 patients with IgA nephropathy treated by tonsillec-

tomy and steroid pulse therapy [98]. They found that the duration of nephropathy

36 months or less was a significant predictor of clinical remission and concluded that

shorter duration of nephropathy is associated with higher likelihood of clinical remis-

sion in patients with IgA nephropathy treated by tonsillectomy and steroid pulse

therapy.

In 2013, Yamamoto et al. reported the therapeutic impact of tonsillectomy and

combined therapies of tonsillectomy plus steroid on the long-term prognosis in a

retrospective study of 208 patients with IgA nephropathy [100]. According to the

strategies for treatments, they divided patients into four groups: tonsillectomy and

steroid pulse (TSP, 47 patients), tonsillectomy and oral steroid (TOS, 33 patients),

tonsillectomy alone (T, 56 patients), and C group (no particular therapy,

72 patients). In multivariate analysis by the Cox regression proportional hazard

model, gender, age, histological activity, dialysis induction risk, and therapy were

significantly associated with doubling creatinine levels. Since hazard ratios for

doubling creatinine levels compared to C group were smallest in TSP group, they

concluded a combination therapy of tonsillectomy and steroid pulse had the most

significant therapeutic impact compared to other therapies.

So far, nationwide surveys as for tonsillectomy with steroid pulse (TSP) therapy

in patients with IgA nephropathy have been conducted by Japanese Society of

Nephrology [101, 102].

In 2009, Miura et al. reported the results of the survey performed in 2006

[101]. As a primary survey, they sent a questionnaire to 848 hospitals in Japan, in

order to gather information about the prevalence and efficacy of TSP therapy for

patients with IgA nephropathy. As a secondary survey, they collected data from

both low- and high-clinical remission (CR)-rate groups to determine which factors

predicted resistance to TSP therapy. A total of 2746 patients received TSP therapy

between 2000 and 2006. The CR rates 6 and 12 months after TSP therapy were

32.0 % (347/1,085) and 45.6 % (452/991), respectively. Analysis of the 30 hospitals

in which TSP therapy had been performed on at least ten patients revealed that the

CR rates varied from below 10–100 %. A secondary survey of ten hospitals

revealed that, after correction of the CR rate from each hospital, patients could be
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categorized into three groups: those with a low CR rate (122 patients in four

hospitals), a middle CR rate (78 patients in four hospitals), and a high CR rate

(103 patients in two hospitals). The CR rate of all patients was 54.1 %. A compar-

ison of patient data between the low and high CR rate groups showed a significant

difference in age at onset, amount of proteinuria, total protein, pathological grade,

and prognostic score by Wakai et al. [7]. A multivariate logistic analysis demon-

strated that resistance to TSP therapy depends on age at onset, amount of protein-

uria, hematuria grade, and pathological grade. A score predicting resistance to TSP

therapy could be derived by the formula: [(�0.0330) � (age) þ (0.4772) � log

(amount of proteinuria)� (0.0273)� (hematuria grade: 0, 1, 2, and 3)þ (0.7604)�
(pathological grade: 1, 2, 3, and 4) � 0.1894]. From these results, they concluded

that patients with either early-stage or mild to moderate IgA nephropathy easily

achieve CR following TSP therapy, whereas patients with late-stage or severe

disease are prone to TSP therapy resistance.

The second nationwide survey for the current status of treatments in patients with

IgA nephropathy in Japan conducted in 2008 by sending questionnaires to the 1,194

teaching hospitals of the Japanese Society of Nephrology (JSN). The results were

reported by Matsuzaki et al. in 2013 [102]. Among the total 376 hospitals (31.4 %)

that responded, 188 hospitals (66.2 % in the internal medicine departments)

performed TSP, out of which 137 hospitals (61.4 %) had begun to perform TSP in

the period from 2004 to 2008. Approximately 68 % of pediatric hospitals (68 hospi-

tals) performed combination therapy with prednisolone, azathioprine, heparin-

warfarin, and dipyridamole. The remission rates for hematuria and proteinuria after

TSP tended to be higher than those following other corticosteroid therapies. Almost

all hospitals prescribed antiplatelet agents and renin-angiotensin system inhibitor

(RAS-I). They concluded that TSP is becoming a standard treatment for adult IgA

nephropathy patients in Japan in addition to popular treatments such as antiplatelet

agents and RAS-I.

Recently, Kawamura et al. reported the results of RCT of tonsillectomy com-

bined with steroid pulse therapy in patients with IgA nephropathy conducted by the

Special IgA Nephropathy Study Group of the Progressive Glomerular Diseases

Study Committee organized by the Ministry of Health, Labour and Welfare of

Japan in 2014 [104] as shown in Table 11.3. The details of this RCT will be

described in Chap. 19. Briefly, the patients with IgA nephropathy, proteinuria,

and low serum creatinine were randomly allocated to receive TSP or steroid pulses

alone. The primary end points were urinary protein excretion and the disappearance

of proteinuria and/or hematuria. Although they found a significant antiproteinuric

effect of TSP, the difference was marginal. Thus, they concluded that the impact of

TSP on the renal functional outcome remains to be clarified.

11.3.2.4 Immunosuppressant Other Than Steroids

So far, there have been only few reports concerning the efficacy of immunosup-

pressant other than steroids in adult patients with IgA nephropathy [111, 112]. In
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2000, Tsuruya et al. reported an efficacy of combination therapy using prednisolone

(PSL) and cyclophosphamide (CPA) on slowing the progression of renal deterio-

ration in 45 patients with IgA nephropathy revealing moderate to severe histolog-

ical changes [111]. After treatment, they found a significant reduction in proteinuria

in 26 patients treated with PSLþCPA whereas no reduction in 19 controls. The

progression rate was significantly lower in patients treated with PSLþCPA than in

the control group. Thus, they suggested that the immunosuppressive treatment with

CPA might be useful to preserve renal function in patients with histologically

advanced IgA nephropathy. In 2007, Mitsuiki et al. elongated the follow-up in

patients of previous study and reported the effect of PSLþCPA on long-term renal

outcome in 35 patients (27 treated patients and eight controls) with histologically

advanced IgA nephropathy [112]. Renal survival at 5 years was 89.8 % in

PSLþCAP group and 0 % in control group. Adverse effects of PSLþCPA were

minimal and mild. They suggested that PSLþCPA therapy safely improved the

renal prognosis of patients with severe IgA nephropathy.

11.3.2.5 Renin-Angiotensin System Blocking Agents

There has been only one RCT concerning the effect of renin-angiotensin system

blocking agents in patients with IgA nephropathy in Japan. In 2007, Horita

et al. reported the results of RCT performed to evaluate the additional effect of

angiotensin II receptor blocker to steroid therapy on the reduction of proteinuria and

on renal function in patients with IgA nephropathy [113]. Thirty-eight patients with

IgA nephropathy (age, 33� 11 years; creatinine clearance, 103� 31 mL/min; pro-

teinuria, 1.6� 0.5 g/day) were assigned into two groups that were treated with either

prednisolone (PSL, 30 mg/dl, gradually tapered to 5 mg/dl over 2 years) plus 50 mg/

day of losartan (LST) or PSL alone. Two years of treatment in both groups, protein-

uria significantly decreased compared with baseline. Creatinine clearance was similar

at the start of study in both groups, but at the end of the study, it was significantly

lower in PSL alone group than in PSL plus LST group. Thus, they concluded that

combined therapy with PSL plus LST appears to be more effective than PSL alone in

reducing proteinuria and protecting renal function in patients with IgA nephropathy.

11.3.3 The Treatment of Pediatric Patients with IgA
Nephropathy in Japan

The Japanese Pediatric IgA Nephropathy Treatment Study Group has accumulated

high-level evidence according to the RCTs in different subsets of children with IgA

nephropathy [105, 107–109]. The results of these RCTs and two pilot studies

[106, 110] are summarized in Table 11.4.

11 Differences in Etiology and Treatment in Japan 189



T
a
b
le

1
1
.4

T
re
at
m
en
t
o
f
p
ed
ia
tr
ic

p
at
ie
n
ts
w
it
h
Ig
A

n
ep
h
ro
p
at
h
y
in

Ja
p
an

1
st
au
th
o
r

Y
ea
r

S
tu
d
y

d
es
ig
n

In
cl
u
si
o
n

cr
it
er
ia

P
at
ie
n
ts
n

(m
ed
ic
at
io
n
)

C
o
n
tr
o
ls
n

(m
ed
ic
at
io
n
)

D
u
ra
ti
o
n

o
f

tr
ea
tm

en
t

F
o
ll
o
w
-

u
p

p
er
io
d

M
ai
n
re
su
lt
s

M
il
d
Ig
A
n
ep
h
ro
p
at
h
y

Y
o
sh
ik
aw

a

[1
0
5
]

1
9
9
7

R
C
T

F
o
ca
l/
m
in
i-

m
al

(<
¼7

9
%
)

m
es
an
g
ia
l

p
ro
li
fe
ra
ti
o
n

5
0
(s
ai
re
i-
to
)

5
1
(n
o
d
ru
g
)

2
y
rs

2
y
rs

G
ro
u
p
1
(s
ai
re
i-
to
)

G
ro
u
p
2
(n
o
d
ru
g
s)

S
ta
rt

E
n
d

S
ta
rt

E
n
d

U
P

0
.3
9
�
0
.3
1

0
.2
5
*
�
0
.4
1

0
.4
1
�
0
.4
8

0
.4
3
�
0
.5
6

O
B

2
.3
�
1
.0

1
.0
*
�
1
.1

2
.1
�
1
.1

1
.8
�
1
.2

C
R
n
(%

)
0

2
1
(4
6
)*

0
5
(1
0
)

H
B
P
an
d

C
R
F
n

0
0

0
1

N
ak
an
is
h
i

[1
0
6
]

2
0
0
9

P
il
o
t

st
u
d
y

F
o
ca
l/
m
in
i-

m
al

(<
¼7

9
%
)

m
es
an
g
ia
l

p
ro
li
fe
ra
ti
o
n

an
d
U
P
/U
C
R

¼>
0
.2
g
/g
cr

4
0
(l
is
in
o
p
ri
l)

–
2
y
rs

2
y
rs

S
ta
rt

E
n
d
p
o
in
t

U
P
(g
/m

2
/

d
ay
)

0
.4
0
(0
.0
8
–
1
.3
5
)

0
.1
8
*
(0
.0
0
–
0
.8
9
)

P
ri
m
ar
y
en
d

p
o
in
t

(U
P
/U
C
R

<
0
.2
)

0
3
3
(8
2
.5

%
)

O
B

(d
ip
st
ic
k
)

2
.3
�
1
.0

1
.0
*
�
1
.3

S
ev
er
e
Ig
A

n
ep
h
ro
p
at
h
y

Y
o
sh
ik
aw

a

[1
0
7
]

1
9
9
9

R
C
T

D
if
fu
se

(>
8
0
%
)

m
es
an
g
ia
l

p
ro
li
fe
ra
ti
o
n

4
0
(p
re
d
n
is
o
-

lo
n
e,
az
at
h
io
-

p
ri
n
e,
h
ep
ar
in
-

w
ar
fa
ri
n
,
an
d

d
ip
y
ri
d
am

o
le
,

g
ro
u
p
1
)

3
8
(h
ep
ar
in
-

w
ar
fa
ri
n
an
d

d
ip
y
ri
d
am

o
le
,

g
ro
u
p
2
)

2
y
rs

2
y
rs

G
ro
u
p
1

G
ro
u
p
2

S
ta
rt

E
n
d

S
ta
rt

E
n
d

U
P
ex
cr
et
io
n

(m
ea
n

(S
D
))

1
.3
5
(1
.0
1
)

0
.2
2
*
(0
.3
1
)

0
.9
8
(0
.9
9
)

0
.8
8
(1
.3
4
)

O
B

(d
ip
st
ic
k
,

m
ea
n
(S
D
))

2
.9

(0
.8
)

0
.5
*
(1
.0
)

2
.7

(1
.0
)

1
.5
*
(1
.1
)

S
er
u
m

Ig
A

le
v
el

(m
g
/d
l)

2
9
0
(1
1
5
)

2
2
9
*
(8
7
)

2
8
0
(1
0
0
)

2
8
1
(9
2
)

H
B
P

0
0

0
1

190 R. Katafuchi



C
R
F

0
0

0
1

G
lo
m
er
u
la
r

sc
le
ro
si
s

(%
,
m
ea
n

(S
D
))

5
.2

(7
.7
)

5
.0

(6
.9
)

3
.9

(6
.1
)

1
6
.4
*
(2
3
.0
)

Ig
A

d
ep
o
si
ts

(3
þ/

2
þ/

1
þ/

0
)

1
1
/1
9
/3
/0

7
/9
/1
0
/7
*

9
/1
6
/0
/0

8
/1
5
/2
/0

K
am

ei

[1
0
8
]

2
0
1
1

A
se
c-

o
n
d

an
al
y
si
s

o
f
R
C
T

(r
ef

1
4
3
)

S
am

e
as

ab
o
v
e

S
am

e
as

ab
o
v
e

S
am

e
as

ab
o
v
e

2
y
rs

1
0
y
rs

(0
.5
–
1
8
)

G
ro
u
p
1

G
ro
u
p
2

E
S
R
F
n
(%

)
2
/4
0
(5

%
)

5
/3
4
(1
4
.7

%
)

1
0
y
ea
r
re
n
al

su
rv
iv
al

9
7
.1

%
*

8
4
.8

%

Y
o
sh
ik
aw

a

[1
0
9
]

2
0
0
6

R
C
T

D
if
fu
se

m
es
an
g
ia
l

p
ro
li
fe
ra
ti
o
n

4
0
(p
re
d
n
is
o
-

lo
n
e,
az
at
h
io
-

p
ri
n
e,
w
ar
fa
-

ri
n
,
an
d

d
ip
y
ri
d
am

o
le
,

co
m
b
in
at
io
n
)

4
0
(p
re
d
n
is
o
-

lo
n
e
al
o
n
e)

2
y
rs

2
y
rs

C
o
m
b
in
at
io
n

P
re
d
n
is
o
lo
n
e
al
o
n
e

S
ta
rt

E
n
d

S
ta
rt

E
n
d

P
ri
m
ar
y
en
d

p
o
in
t

(U
P
<
0
.1

g
/m

2
/d
ay
)

0
3
6
/3
9

(9
2
.3

%
*
)

0
2
9
/3
9

(7
4
.4

%
*
)

U
P
(g
/m

2
/

d
ay
,
m
ea
n

(S
D
))

1
.2
9
(1
.1
9
)

0
.1
0
*
(0
.1
5
)

1
.1
6
(1
.1
3
)

0
.1
2
*
(0
.1
6
)

O
B

(d
ip
st
ic
k
,

m
ea
n
(S
D
))

3
.0

(0
.5
)

0
.4
*
(0
.8
)

3
.0

(0
.8
)

0
.6
*
(1
.0
)

S
er
u
m

Ig
A

(m
g
/d
l,

m
ea
n

(S
D
))

2
7
6
(1
1
8
)

1
9
4
*
(8
5
)

2
4
5
(1
0
9
)

1
9
4
*
(9
0
)

C
re
sc
en
t
(%

,

m
ea
n
(S
D
))

1
7
.3

(1
6
.6
)

1
.7
*
(3
.0
)

1
9
.1

(1
7
.1
)

0
.9
*
(1
.9
)

(c
o
n
ti
n
u
ed
)

11 Differences in Etiology and Treatment in Japan 191



T
a
b
le

1
1
.4

(c
o
n
ti
n
u
ed
)

1
st
au
th
o
r

Y
ea
r

S
tu
d
y

d
es
ig
n

In
cl
u
si
o
n

cr
it
er
ia

P
at
ie
n
ts
n

(m
ed
ic
at
io
n
)

C
o
n
tr
o
ls
n

(m
ed
ic
at
io
n
)

D
u
ra
ti
o
n

o
f

tr
ea
tm

en
t

F
o
ll
o
w
-

u
p

p
er
io
d

M
ai
n
re
su
lt
s

S
cl
er
o
se
d

g
lo
m
er
u
li

(%
,
m
ea
n

(S
D
))

5
.0

(9
.1
)

4
.6

(7
.9
)

3
.1

(4
.8
)

1
4
.6
*
(1
5
.2
)

Ig
A

d
ep
o
si
ts

(m
ea
n

(S
D
))

2
.1

(0
.4
)

1
.5
*
(1
.0
)

2
.2

(0
.5
)

1
.8
*
(1
.2
)

Y
o
sh
ik
aw

a

[1
1
0
]

2
0
0
8

P
il
o
t

st
u
d
y

D
if
fu
se

m
es
an
g
ia
l

p
ro
li
fe
ra
ti
o
n

2
3
(p
re
d
n
is
o
-

lo
n
e,

m
iz
o
ri
b
in
e,

h
ep
ar
in
-

w
ar
fa
ri
n
,

d
ip
y
ri
d
am

o
le
)

–
2
y
rs

2
y
rs

S
ta
rt

E
n
d

U
P
re
m
is
-

si
o
n

(U
P
<
0
.1

g
/m

2
/d
ay
)

0
1
8
(8
0
.4

%
)

U
P
(g
/m

2
/

d
ay
,
m
ed
ia
n

(r
an
g
e)
)

1
.1
9
(0
.7
4
–
2
.3
8
)

0
.0
5
*
(0
.0
2
–
0
2
3
)

O
B

(d
ip
st
ic
k
,

m
ed
ia
n

(r
an
g
e)
)

3
.1

(2
.7
–
3
.6
)

0
.3
*
(0
.1
–
1
.0
)

C
re
sc
en
t

(%
,
m
ed
ia
n

(r
an
g
e)
)

3
5
.6

(1
5
.6
–
4
4
.0
)

0
.4
*
(0
.2
–
3
.1
)

S
cl
er
o
se
d

g
lo
m
er
u
li

(%
,
m
ed
ia
n

(r
an
g
e)
)

0
.3

(0
.1
–
0
.4
)

0
.3

(0
.1
–
2
.6
)

Ig
A

d
ep
o
si
ts

(m
ed
ia
n

(r
an
g
e)
)

2
.5

(1
.5
–
2
.9
)

0
.8
*
(0
.1
–
1
.8
)

n
n
u
m
b
er

o
f
p
at
ie
n
ts
,
R
C
T
ra
n
d
o
m
iz
ed

co
n
tr
o
ll
ed

tr
ia
l,
yr
s
y
ea
rs
,
U
P
u
ri
n
ar
y
p
ro
te
in
,
O
B
h
em

at
u
ri
a,
C
R
d
is
ap
p
ea
ra
n
ce

o
f
u
ri
n
ar
y
p
ro
te
in

an
d
h
em

at
u
ri
a,
H
B
P

h
ig
h
b
lo
o
d
p
re
ss
u
re
,
C
R
F
ch
ro
n
ic
re
n
al
fa
il
u
re
,
U
P
/U
C
R
u
ri
n
ar
y
p
ro
te
in
/c
re
at
in
in
e
ra
ti
o
(g
/g

cr
ea
ti
n
in
e)
,
SD

st
an
d
ar
d
d
ev
ia
ti
o
n
,
E
SR

F
en
d
-s
ta
g
e
re
n
al
fa
il
u
re

192 R. Katafuchi



11.3.3.1 The Treatment for Japanese Children with Mild IgA

Nephropathy

In 1997, Yoshikawa et al. reported the results of RCT in 101 children with newly

diagnosed IgA nephropathy showing focal/minimal mesangial proliferation

[105]. The patients were randomly assigned to receive sairei-to (Chinese herbal

medicine) for 2 years (group 1) or no drug for 2 years (group 2). At the end of the

trial, urinary protein excretion and hematuria were significantly reduced in group

1 but were unchanged in group 2, and normal urine was observed in 46 % and in

10 % in groups 1 and 2, respectively. From these results, it was demonstrated that

2-year sairei-to treatment early in the course of disease is effective in children with

IgA nephropathy showing focal/minimal mesangial proliferation.

In 2009, Nakanishi et al. reported the results of a prospective single-arm pilot

trial of lisinopril (0.4 mg/kg per day) in 40 children with mild IgA nephropathy

defined as morning urinary protein/creatinine ratio (uP/Cr) 0.2 g/g or more [106]. A

total of 33 patients reached the primary end point (uP/Cr <0.2) during the 2-year

treatment period. The cumulative disappearance rate of proteinuria determined by

the Kaplan-Meier method was 80.9 %. Mean urinary protein excretion was signif-

icantly reduced from 0.40 to 0.18 g/m2/day. Dizziness developed in five patients

(12.5 %), four of whom needed the lisinopril dose reduced. Thus, they conclude that

the efficacy and safety of lisinopril are acceptable for the treatment of children with

mild IgA nephropathy.

11.3.3.2 The Treatment for Japanese Children with Severe IgA

Nephropathy

In 1999, Yoshikawa et al. reported the results of RCT for children with severe IgA

nephropathy [107]. A total of 78 patients were randomly assigned to receive either

prednisolone, azathioprine, heparin-warfarin, and dipyridamole for 2 years (group

1) or heparin-warfarin and dipyridamole for 2 years (group 2). The mean urinary

protein excretion, the mean serum IgA concentration, and the intensity of mesangial

IgA deposition significantly decreased in group 1 patients, but remained unchanged

in group 2 patients. Blood pressure and creatinine clearance were normal at the end

of the trial in all but one group 2 patient, who developed chronic renal insufficiency.

The percentage of glomeruli showing sclerosis was unchanged in group 1 patients,

but significantly increased in group 2 patients. From these results, they concluded

that treatment of children with severe IgA nephropathy with prednisolone, azathi-

oprine, heparin-warfarin, and dipyridamole for 2 years early in the course of disease

reduces immunologic renal injury and prevents increase of sclerosed glomeruli. In

2011, Kamei et al. reported long-term results of a previous RCT in children with

IgA nephropathy showing diffuse mesangial proliferation [108]. The median dura-

tion of observation was 10 years (0.5–18). Two of 40 patients (5 %) who received

combination therapy and 5 of 34 patients (14.7 %) who received control therapy
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developed ESRF. A Kaplan-Meier plot of renal survival showed that the outcomes

of patients in the combined therapy group were significantly better than those in the

control therapy group. The 10-year renal survival probability of each group was

97.1 % and 84.8 %, respectively. The Cox proportional hazards model showed that

the 2-year combination therapy was significantly associated with renal survival in

both univariate and multivariate analyses. Thus, they concluded that 2-year com-

bination therapy not only ameliorated the activity of the acute phase of nephritis but

also improved the long-term outcome of severe childhood IgA nephropathy.

In 2006, Yoshikawa et al. reported the results of another RCT for sever child-

hood IgA nephropathy [109]. A total of 80 children with newly diagnosed IgA

nephropathy were randomly assigned to receive either prednisolone, azathioprine,

warfarin, and dipyridamole (combination) or prednisolone alone for 2 years. The

primary end point was the disappearance of proteinuria, defined as urinary protein

excretion <0.1 g/m2 per day, and the secondary end points were urinary protein

excretion at the end of treatment, the change in the percentage of sclerosed

glomeruli during the trial, and adverse effects. Thirty-six (92.3 %) of the 39 patients

who received the combination and 29 (74.4 %) of the 39 who received prednisolone

alone reached the primary end point by the 2-year follow-up point, and the

difference between the two groups was significant. The percentage of sclerosed

glomeruli was unchanged in combination group but significantly increased in the

prednisolone group. The frequency of adverse effects was similar in the two groups.

Thus, they concluded that combination treatment may be better for severe IgA

nephropathy than treatment with prednisolone alone.

In 2008, Yoshikawa et al. further reported the results of a pilot study of

mizoribine instead of azathioprine as part of the combination therapy for treating

23 children with severe IgA nephropathy [110]. Eighteen patients reached the

primary end point (urine protein/creatinine ratio <0.2) during the 2-year treatment.

The cumulative disappearance rate of proteinuria determined by Kaplan-Meier was

80.4 %. Median protein excretion was significantly reduced. After treatment, the

median percentage of glomeruli showing sclerosis was unchanged in comparison

with that before treatment. No patients required a change of treatment. They

concluded that the efficacy and safety of the mizoribine combination seem to be

acceptable for treating children with severe IgA nephropathy.

11.3.3.3 Tonsillectomy for Japanese Children with IgA Nephropathy

Although tonsillectomy with steroid pulse therapy is spread widely in Japan as one

of the first-line treatment in adult patients with IgA nephropathy, there have been

only few reports concerning the effect of tonsillectomy in pediatric patients with

IgA nephropathy.

In 2006, Kawasaki et al. reported the results of RCT of tonsillectomy plus pulse

prednisolone, warfarin, and dipyridamole including methylprednisolone pulse (ton-

sillectomy plus pulse therapy), versus prednisolone, warfarin, and dipyridamole

including mizoribine (PWDM) for the treatment of diffuse IgA nephropathy in
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children [114]. A total of 32 children were randomly assigned to be treated by

tonsillectomy plus pulse therapy for 2 years (Group A, 16 children) or PWDM for

2 years (Group B, 16 children). The mean urinary protein excretion after 6 months

of treatment significantly decreased in both groups. The activity index in both

groups was lower at the second biopsy than at the first biopsy. The chronicity

index in Groups A and B did not differ between the first and second biopsy. At the

latest follow-up examination, none of the patients in either group had renal insuf-

ficiency. None of the patients in Group A, but six patients in Group B experienced

an acute exacerbation of IgA nephropathy as a result of tonsillitis. Thus, they

suggested that tonsillectomy plus pulse therapy is as effective as PWDM in

ameliorating proteinuria and histological severity in IgA nephropathy patients

and in preventing acute exacerbation of IgA nephropathy by tonsillitis.

In 2009, Kawasaki et al. also reported the efficacy of tonsillectomy with meth-

ylprednisolone pulse therapy as rescue treatment for 11 children with steroid-

resistant IgA nephropathy [115]. Urinary protein excretion was significantly

decreased at 24.7� 7.3 months after tonsillectomy pulse therapy. On renal patho-

logic examination of six patients who underwent renal biopsy at 17.1� 6.9 months

after tonsillectomy pulse therapy, the activity index, an index of inflammation, was

lower compared to the index evaluated before the therapy, but the chronic index, an

index of renal sclerosis, remained unchanged. At 24.7� 7.3 months after tonsillec-

tomy pulse therapy, seven patients had normal urine and four had minor urinary

abnormalities. None had active renal disease or renal insufficiency. Thus, they

suggest that tonsillectomy pulse therapy may be effective as rescue treatment for

steroid-resistant IgA nephropathy in childhood.

In 2012, Nishi et al. reported the efficacy of tonsillectomy for intractable

childhood IgA nephropathy [116]. Patients with poor or relatively poor prognosis

determined histologically, an age at least 7 years, and with proteinuria of 0.3 g/day

or more despite ongoing drug treatment, are candidates for tonsillectomy. Five

patients refused tonsillectomy. A total of 25 patients who received tonsillectomy

were divided into two groups according to the interval between diagnosis of IgA

nephropathy and tonsillectomy (within 3 years; early group vs. 3 years or later; later

group). Proteinuria was reduced after tonsillectomy over 2 years of follow-up in

both groups, and complete remission was achieved in ten patients, most often in

early group. The patients refusing surgery failed to attain complete remission of

urinary findings. Histological activity decreased in both groups, significantly in the

early group. Complement component C3 deposition and activated macrophages in

glomeruli decreased after tonsillectomy, especially in early group. Thus, they

concluded that tonsillectomy improved clinicopathological features in relatively

severe pediatric IgA nephropathy, especially in the early group, and suggested that

therapeutic mechanisms may include inhibition of complement activity in glomer-

uli and glomerular infiltration by activated macrophages.
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11.4 Clinical Guidelines for the Diagnosis and Treatment

of Patients with IgA Nephropathy in Japan

So far, three clinical guidelines for the diagnosis and treatment of patients with IgA

nephropathy in Japan have been published by a joint committee of the Special IgA

Nephropathy Study Group of the Progressive Renal Disease Study Committee

organized by the Ministry of Health, Labour and Welfare of Japan and the Japanese

Society of Nephrology in 1995, 2003, and 2011 [8, 117, 118].

Table 11.5 Diagnostic criteria for IgA nephropathy according to the third version of clinical

guidelines for the diagnosis and treatment of patients with IgA nephropathy in Japan

1. Clinical manifestations

The majority of cases show no symptoms, but acute nephritic symptoms may occur occasionally.

The appearance of nephrotic syndrome is relatively rare. Generally, the course is gradual, but

progress to end-stage renal disease occurs in 40 % of patients within 20 years

2. Urinalysis

At least three urinalyses are required for the diagnosis of urinary abnormalities, and at least two

of these tests should include microscopic examination of urinary sediment in addition to routine

urinalysis

A. Essential finding: persistent microscopic hematuria (Note 1)

B. Frequent finding: persistent or intermittent proteinuria

C. Occasional finding: macroscopic hematuria (Note 2)

3. Blood examination

A. Essential finding: none

B. Frequent finding: serum IgA greater than 315 mg/dl in adults (Note 3)

Definite diagnosis:

Observation of glomeruli in renal biopsy specimens is the only method of diagnosis

A. Light microscopic findings: although the main findings are mesangial proliferative changes

including focal segmental to diffuse global (spherical) changes, a variety of lesions such as

crescent, segmental sclerosis and global sclerosis are observed

B. Staining with fluorescence-conjugated antibody or enzyme-linked antibody: diffuse gran-

ular IgA deposition mainly present in the glomerular mesangial areas (Note 4)

C. Electron microscopic findings: highly electron-dense deposits in glomerular mesangial

matrix and paramesangial areas

Addenda

1. If urinalysis findings A and B and blood examination finding B are confirmed, the

probability of a diagnosis of IgA nephropathy is high. However, differential diagnosis of

urological diseases should be made

2. Purpura nephritis, liver cirrhosis, and lupus nephritis may give renal biopsy findings similar

to those of IgA nephropathy. These diseases can be excluded by systemic signs which are

characteristic to each disease and laboratory findings

Note 1. Urinary sediment showing more than 5–6 erythrocytes/HPF

Note 2. Many patients also have upper respiratory tract infection or acute gastrointestinal

symptoms

Note 3. Observed in more than half of adult patients

Note 4. IgA deposition is predominant in comparison with other immunoglobulins
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The third version of clinical guidelines for the diagnosis and treatment of

patients with IgA nephropathy in Japan was published in 2011 based on the

evidence from a multicenter, case-control study of 287 IgA nephropathy patients

with a median follow-up of 9.3 years [118]. Since the cohort contained only

26 patients aged 18 years or younger (9.1 %), these guidelines are mainly for the

adult patients with IgA nephropathy.

Diagnostic criteria for IgA nephropathy according to the third version of clinical

guidelines for the diagnosis and treatment of patients with IgA nephropathy in

Japan are summarized in Table 11.5.

In these guidelines, four histological grades (H-Grade) I–IV were established,

corresponding to <25 %, 25–49 %, 50–74 %, and 75 % or more of glomeruli

exhibiting cellular/fibrocellular crescents, global sclerosis, segmental sclerosis, or

fibrous crescents. The significance of histological grade for predicting long-term

prognosis was reported in 2011 [119].

In addition, the clinical severity was graded by the levels of urinary protein

(UP g/day) and eGFR (ml/min/1.73 m2) at the time of renal biopsy as follows.

Clinical grades (C-Grade) were defined as I, UP <0.5 g/day; II, UP 0.5 g/day or

more and eGFR 60 ml/min/1.73 m2 or more; and III, UP 0.5 g/day or more and

eGFR <60 ml/min/1.73 m2.

Furthermore, according to C-Grade and H-Grade, dialysis induction risks were

stratified and classified as shown in Table 11.6.

Guidelines for treatment of IgA nephropathy in each dialysis induction risk

group are summarized in Table 11.7.

Table 11.6 Stratification of dialysis induction risk for patients with IgA nephropathy

Histological grade (H-Grade) is determined according to the percentage of glomeruli exhibiting

cellular/fibrocellular crescents, global sclerosis, segmental sclerosis, or fibrous crescents as fol-

lows: I; <25 %, II; 25–49 %, III; 50–74 %, and IV; 75 % or more

Clinical grade (C-Grade) is determined by the levels of urinary protein (UP, g/day) and eGFR

(ml/min/1.73 m2) at the time of renal biopsy as follows: I; UP <0.5, II; UP 0.5 or more and eGFR

60 or more, III; UP 0.5 or more and eGFR <60

H-Grade histological grade, C-Grade clinical grade
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Table 11.7 Guidelines for the treatment of IgA nephropathy in each dialysis induction risk group

For all patients

A. Correction of lifestyle: stop smoking, adequate intake of alcohol, management of body weight

(Note 1)

B. Physical examination and laboratory data: regular checkup of blood pressure, blood test

including serum creatinine, eGFR, urinalysis, urine sediment, urinary protein/creatinine ratio.

24 h urinary protein excretion and Ccr, if possible

C. Energy intake: energy intake should be determined according to age, sex, and physical

activity. Standard criteria are 25–35 kcal/kg standard body weight/day. Regular checkup of

body weight is required in order to evaluate if the recommended energy intake is adequate or

not and modify if necessary

Guidelines for treatment of IgA nephropathy in each dialysis induction risk group

1. Low-risk group

A. Management for life:

There are no special restrictions of exercise. Correction for lifestyle should be recommended.

Visits to a hospital or an outpatient clinic at least every 3–6 months

B. Diet therapy:

Avoid excessive salt intake. Avoid excessive protein intake in patients with deterioration of

kidney function (0.8–1.0 g/kg standard body weight/day)

C. Drug therapy:

Antiplatelet therapy and antihypertensive therapy (Note 2) are recommended according to the

amount of proteinuria, the presence or absence of hypertension, and histological findings of

kidney biopsy. Steroid therapy including pulse therapy should be considered if acute active

lesions are observed in glomeruli of kidney biopsy

2. Moderate-risk group

A. Management for life:

The strength of exercise should be recommended carefully according to the individual blood

pressure, the amount of proteinuria, and kidney function

Visits to a hospital or an outpatient clinic at least every 1–3 months

B. Diet therapy:

Protein and salt intake should be restricted according to the individual kidney function, the

amount of proteinuria, and blood pressure

The standard protein intake is 0.8–1.0 g/kg standard body weight/day. Standard salt intake is

less than 6 g/day

C. Drug therapy:

Antiplatelet therapy, antihypertensive therapy (Note 2), and steroids including pulse therapy

(Note 3) are recommended according to the amount of proteinuria, the presence or absence of

hypertension, and histological findings of kidney biopsy. Especially, if acute active lesions are

observed in glomeruli of kidney biopsy and the patients reveal urinary protein 0.5 g/day or

more and eGFR 60 ml/min/1.73 m2 or more, steroid therapy including pulse therapy is

strongly recommended

3. High-risk group

A. Management for life

The strength of exercise should be recommended carefully according to the individual blood

pressure, the amount of proteinuria, and kidney function

Visits to a hospital or an outpatient clinic once a month. Pregnancy and delivery should be

carefully managed

(continued)
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11.5 Guidelines for the Treatment of Childhood IgA

Nephropathy

Based on the high-level evidence according to the RCTs in different subsets of

children with IgA nephropathy, the Japanese Pediatric IgA Nephropathy Treatment

Study Group established “Guidelines for the treatment of childhood IgA nephrop-

athy” [120] as summarized in Table 11.8.

Table 11.7 (continued)

B. Diet therapy:

Protein and salt intake should be restricted according to the individual kidney function, the

amount of proteinuria, and blood pressure

The standard protein intake is 0.6–0.8 g/kg standard body weight/day. Standard salt intake is

less than 6 g/day. Potassium restriction should be recommended if necessary

C. Drug therapy:

Antiplatelet therapy, antihypertensive therapy, and steroids including pulse therapy are

recommended according to the amount of proteinuria, the presence or absence of hyperten-

sion, and histological findings of kidney biopsy. Especially, if acute active lesions are

observed in glomeruli of kidney biopsy and the patients reveal urinary protein 0.5 g/day or

more and eGFR 60 ml/min/1.73 m2 or more, steroid therapy including pulse therapy is

strongly recommended

4. Very high-risk group

A. Management for life:

Same as high-risk group. Pregnancy and delivery required extremely careful management

B. Diet therapy:

Salt restriction (less than 6 g/day) and protein intake restriction (0.6–0.8 g/kg standard body

weight/day) are recommended

Potassium restriction should be recommended if necessary

C. Drug therapy:

Same as high-risk group. Treatment for chronic renal failure if necessary. If chronic lesions are

predominant in the glomeruli of kidney biopsy, indication of steroid therapy including pulse

therapy should be carefully considered.

Note 1. The standard body weight [height2 � 22] (kg) is recommended

Note 2. The first choice of antihypertensive drug is angiotensin-converting enzyme blocker or

angiotensin II receptor blocker. If the blood pressure does not reach the target level,

diuretics or calcium channel blocker is considered as the second choice

Note 3. Consultation with nephrologists is necessary. The efficacy of tonsillectomy with steroid

pulse therapy is under investigation

eGFR estimated glomerular filtration rate (ml/min/1.73 m2), Ccr creatinine clearance (ml/min)
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Table 11.8 Guidelines for the treatment of childhood IgA nephropathy

The treatment of mild childhood IgA nephropathy

The definition of mild childhood IgA nephropathy

The childhood IgA nephropathy filled with all the following criteria

Clinical findings: mild proteinuria (early morning urinary protein/creatinine ratio less than

1.0 g/g creatinine)

Pathological findings: moderate or more mesangial proliferation, crescent, adhesion, or sclerosis

observed in less than 80 % of glomeruli and crescent in less than 30 % of glomeruli

Guidelines for treatment

Either one of the following treatment is recommended

1. Angiotensin-converting enzyme blocker:

Lisinopril 0.4 mg/kg/day once a day (maximum dose: 20 mg/day) (Note 1)

2. Chinese herb:

Sairei-to one pack/day, twice a day (body weight 20 kg or less); two packs/day, twice a day (body

weight 20–40 kg); three packs/day, three times a day (body weight 40 kg or more) (Note 2)

Note 1: Start from low dose and gradually increase in dosage with paying attention to side effect.

The teratogenicity as side effect should be well explained to the girls in childbearing age.

If they desire to bear children, the drug should be discontinued

Note 2: One pack of sairei-to is 3 g of TUMURA sairei-to granules and 2.7 g of KANEBOU

sairei-to granules

The treatment of severe childhood IgA nephropathy

The definition of mild childhood IgA nephropathy

The childhood IgA nephropathy filled with all the following criteria

Clinical findings: severe proteinuria (early morning urinary protein/creatinine ratio 1.0 or

more g/g creatinine)

Pathological findings: moderate or more mesangial proliferation, crescent, adhesion, or

sclerosis observed in 80 % or more of glomeruli and crescent in 30 % or more of glomeruli

*These guidelines do not cover the patients with rapidly progressive glomerulonephritis

syndrome

Guidelines for treatment

Combination treatment (cocktail treatment) with adrenocorticosteroid, immunosuppressant,

anticoagulant, and antiplatelet drug for 2 years is recommended

Adrenocorticosteroid: oral prednisolone (1). 2 mg/kg/day (maximum dose: 80 mg/day), three

times a day, daily for 4 weeks

(2). Then, 2 mg/kg/day, once a day, alternative day and gradually taper and discontinue.

Standard duration of treatment is 2 years

Immunosuppressant: oral azathioprine (Note 1) or mizoribine (Note 1)

Azathioprine; 2 mg/kg/day (maximum dose: 100 mg/day), once a day, for 2 years

Mizoribine; 4 mg/kg/day (maximum dose: 150 mg/day), twice a day, for 2 years

Anticoagulant: Oral warfarin potassium (Note 1), once a day in the morning. Dosage should be

adjusted for 20–50 % of thrombotest

Start with 0.5–1.0 mg/day for safety

Keep under a condition of shading light

Antiplatelet drug: oral dipyridamole; start with 3 mg/kg/day, three times a day, and 1 week

later, if no side effect occurs, 6–7 mg/kg/day (maximum dose: 300 mg/day)

Note 1: The teratogenicity as side effect should be well explained to the girls in childbearing age.

If they desire to bear children, the drug should be discontinued
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Chapter 12

IgA Nephropathy from the VALIGA

European Study: Differences in Treatment

Approaches Within Europe

Rosanna Coppo

Abstract The VALIGA – Validation Study of the Oxford Classification of IgA

Nephropathy (IgAN) – was aimed at investigating in a large cohort of European

patients with various clinical presentations the prognostic value of the pathology

features indicated by the Oxford classification (MEST score). In the 1,147 patients

enrolled, the value of MEST to predict the renal function decline was validated,

except for the endocapillary lesions, which showed prognostic value only in early

stages of IgAN with mild proteinuria. In the VALIGA cohort, most of the patients

(86 %) received renin-angiotensin system (RAS) blockade, and half of them had

also immunosuppressive regimens (mostly oral or pulse corticosteroids (CSs),

seldom associated with other immunosuppressants including azathioprine, cyclo-

phosphamide, and mycophenolate mofetil). The benefit on renal function decline of

CS regimen in 523 patients was observed to be significant in comparison to the

624 cases who did not receive it.

In Europe the frequency of IgAN and the rate of progression to end-stage renal

failure greatly differ in various countries. Among the factors which may be respon-

sible for this variability, including genetic conditioning and environmental influ-

ences, differences in treatment approaches could be taken into account. From the

VALIGA cohort, we observed that CS treatment, mostly associated with RAS

inhibition, was frequently adopted in Southern Europe, while Northern Europe

tended to use RAS blockade alone. A difference in clinical outcome of patients

with IgAN was observed between these two geographical European areas

suggesting a role of different treatment regimens.
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12.1 Prevalence and Natural History of IgA Nephropathy

in Europe

IgA nephropathy (IgAN) is known to be the most common glomerular disease in the

world, but, in spite of decades of research, the final outcome of individual patients

presenting with IgAN is still insufficiently defined due to the extreme variability of

progression toward end-stage renal disease (ESRD) [1–4].

IgAN is mostly frequent in Asia, but it is reported as the most frequent glomerular

disease also in Europe, with an incidence of 8–25 new cases/year/pmarp (per million

of age-related population) in adults and 3–5 new cases/year/pmarp in children

[5, 6]. In Europe the frequency of IgAN at renal biopsy ranges from 19 to 51 % of

renal biopsies performed in various countries (Table 12.1) [7–10]. This difference

within Europe may be due to different renal biopsy policies, limited to patients with

>1 g/day proteinuria in association with microscopic hematuria in some countries, or

more largely indicated also for patients with minor proteinuria when associated with

persistent microscopic hematuria or when glomerular filtration rate (GFR) is declin-

ing, in other countries. Apart from this bias, some true variability may be dependent

from genetic factors, as suggested by large genome-wide associated studies (GWAS)

which detected an increase in seven single nucleotide polymorphism (SNP) genetic

risk score in IgAN with eastward and northward distance from Africa [11]. The same

gradient was observed also in European countries, with higher frequency in northeast

countries, as in Scandinavia.

Apart from genetic conditioning, exposure to different environmental factors

may be considered, including diet, intestinal microbiota, alcohol intake, or chronic

intestinal diseases favoring high intestinal permeability (e.g., celiac disease, which

is unevenly distributed in Europe) [12, 13]. Finally different pathogen exposure in

various European countries due to the climatic variability might also be considered.

IgAN is a major cause of need of dialysis and transplantation worldwide, with

renal survival ranging from 95 % to 77 % at 10 years [2–4, 14]. There is a higher

Table 12.1 Frequency of

diagnosis of IgA nephropathy

(IgAN) in different European

countries according to

published literature [5–10]

and by an inquiry answered

by national coordinators of

European registries of renal

biopsies in native kidneys

Country % of IgAN

Spain 24

France 33

Italy 37

Czech Republic 37

UK 39

Estonia 35

Poland 51

Sweden 30

Norway 19

Finland 40
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prevalence of patients entering dialysis because of IgAN in Northern European

countries in comparison to Southern ones (ERA-EDTA Registry, unpublished data

presented at 2013 ERA-EDTA Congress), suggesting various risk factors not only

for development of IgAN but also for progression, including a different genetic

conditioning for factors favoring the sclerotic progression of renal disease

[15]. However, it is also possible that the variability of treatment choice pays a

role and this has never been explored before.

In Norway at 10 years, 77 % of patients with IgAN survive to end-stage renal

disease (ESRD) [16], while this survival observed after 20 years in most reports

from Southern Europe (Spain, France, Italy) [17, 18]. Furthermore in Norway also

patients with low progression at 10 years can develop ESRD later on suggesting

particularly aggressive forms of IgAN or a failure of treatment.

12.2 Risk Factors for Progression of IgA Nephropathy

There is a need for detecting new risk factors for the progression of IgAN, in order

to identify patients deserving a more early and aggressive therapy meanwhile

avoiding overtreatment of benign cases who will never lose their renal function.

Indeed about 20 % of patients enter during the follow-up persistent remission [19].

The role of pathology lesions detected at renal biopsy as risk factors for the

progression of IgAN has been enlightened by the Oxford classification of IgAN

study [20–22]. This collaborative work identified four pathological features

(mesangial proliferation (M), endocapillary hypercellularity (E), segmental

glomerulosclerosis (S), and tubular atrophy/interstitial fibrosis (T), resulting in a

MEST score) which predicted renal outcome independently from all clinical indi-

cators at the time of renal biopsy and during follow-up. However, the limited

number of patients enrolled in the Oxford classification (265 cases) and their

heterogeneous origin (from four continents) indicated a need for validation studies.

Several validation studies have been published (reviewed in [23]) over the follow-

ing years with variable results, but all had in common the limitation of investigating

small cohorts, with the exception of a Chinese study on 1,026 cases [24]. In small

cohorts, different baseline features (age, eGFR, sclerotic lesions, treatments) were

likely to condition the final results.

12.3 The VALIGA Cohort Investigated: Patients

and Analysis Methods

ERA-EDTA Immunonephrology Working Group VALIGA (Validation Study of

the Oxford Classification of IgAN), granted by the ERA-EDTA Immunone-

phrology Working Group, aimed at investigating a large number of European
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patients with various clinical presentations encompassing the whole spectrum of

IgAN, looking for the prognostic value of the pathology features indicated by the

Oxford study [25]. The enrolment criteria allowed also the inclusion of patients

who did not enter the original Oxford study, as those presenting at renal biopsy with

mild proteinuria (<0.5 g/day) or having an already advanced form of IgAN, with

residual glomerular filtration rate (e-FGFR) <30 ml/min/1.73 m2. The VALIGA

study had a very successful enrolment accounting for 1,147 patients with IgAN with

renal biopsy material available for central review and suitable data sets at renal

biopsy and during the follow-up. This study has produced the largest single cohort

reported in the worldwide literature on patients with IgAN, comparable only to the

Chinese cohort [24].

Clinical data were collected by the coordinating center in Turin, Italy, from

55 nephrology and pathology institutions of 13 European countries (Fig. 12.1)

scored by the local pathologists. Each renal biopsy was centrally reviewed in

Oxford, UK. Statistical analysis was done in Montreal, Canada. The outcomes

(rate of renal function decline and the combined survival from a 50 % reduction

of renal function or end-stage renal failure) were detected over a median follow-up

Fig. 12.1 European map of the centers participating in the Validation Study of the Oxford

Classification of IgAN (VALIGA) in Europe. The study enrolled 1,147 patients with IgA nephrop-

athy from 55 centers from 13 European countries, which were followed for a median of 4.8 years
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of 4.8 years. In patients with an initial proteinuria <0.5 g/day, the outcome

considered was the survival from 30 % reduction in eGFR.

The VALIGA cohort [25] was well representative of the whole spectrum of the

disease. Ethnicity was for 97 % Caucasian, and gender was 73 % men. Patients’
mean age was 36 years; 15 % of the patients were children. At renal biopsy their

mean eGFR was 73 ml/min/1.73 m2 and proteinuria 1.3 (0.6–2.6) g/day. Patients

were presenting different degrees of proteinuria and various stages of chronic

kidney disease at renal biopsy (Fig. 12.2). The mean yearly loss of the eGFR was

1.8 ml/min/1.73 m2/year. The combined end point of 50 % reduction of renal

function or end-stage renal failure was reached in 16 % of the cases. The renal

function survival from the combined end point was 74 % at 10 years.

VALIGA patients had mesangial proliferative changes (M1) in 28 % of the

cases, endocapillary hypercellularity (E1) in 11 %, segmental glomerulosclerosis

(S1) in 70 %, and tubulointerstitial changes (T1 or T2) in 21 %. Moreover 28 % had

arteriolar damage and 7 % crescents. The lesions were differently distributed

according to baseline proteinuria and renal function, with a clear increase in

MEST score in patients with high levels of proteinuria.

Fig. 12.2 Clinical data at initial assessment of patients with IgA nephropathy enrolled in

VALIGA.MAPmean arterial blood pressure, GFR glomerular filtration rate, CKD chronic kidney

disease stages
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12.4 Risk Factors for Progression in the VALIGA Cohort

In the whole VALIGA cohort, the value of the MEST score to predict the rate of

renal function decline as well as survival without ESRD or 50 % reduction in initial

GFR was validated, except for the E lesion, rare within these patients.

The value of mesangial proliferation was assessed not only in the whole cohort

but also in subgroups of patients with early diagnosis and proteinuria <0.5 g/day

and even in those with renal biopsy in advanced stages, with eGFR <30 ml/min/

1.73 m2. In patients with low proteinuria, mesangial proliferation and endocapillary

hypercellularity significantly influenced the survival from progression to levels of

proteinuria �1 g/day and �2 g/day. In patients with reduced renal function at renal

biopsy, mesangial proliferation maintained its value as a predictive factor.

12.5 The Effect of Therapy on Progression of VALIGA

Patients

The VALIGA cohort gathered 1,147 patients with IgAN from 13 European coun-

tries. This large database allowed an analysis on the possible long-term benefits of

CS, in patients with any level of GFR, including those patients with an initial eGFR

�50 ml/min/1.73 m2 [26].

Most of the patients (86 %) received renin-angiotensin system (RAS) blockade

and half of them had also immunosuppressive regimens (mostly oral or pulse

corticosteroids (CSs), seldom associated with other immunosuppressants including

azathioprine, cyclophosphamide, and mycophenolate mofetil) (Fig. 12.3). In the

VALIGA cohort, 523 patients (46 %) received corticosteroids (CSs)/immunosup-

pression and 624 (54 %) did not.

Since this was a retrospective registry, it reflected the spontaneous attitude for

treating patients with IgAN. The European nephrologists chose to treat with CS

patients with signs of clinical activity, including high proteinuria and low eGFR,

Fig. 12.3 Distribution of

treatments in patients with

IgA nephropathy enrolled in

VALIGA
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and pathology signs of potentially progressive disease, including high MEST score.

However, in spite of most frequent risk factor for progression, the outcome of

patients who had received CS was significantly better than those who did not. After

therapy eGFR increased and proteinuria decreased, both significantly.

The benefits of CS were further assessed using a propensity score, identifying

184 patients treated with CS and RAS inhibitors to 184 patients using RAS blockers

only, who were similar for clinical and pathological data. The renal outcomes of the

patients who received CS in addition to RAS blockade resulted to be significantly

better than in patients who had RAS inhibition alone as far as rate of renal function

decline and proteinuria reduction were concerned [26].

12.6 Differences in Treatment Approaches Within Europe

As mentioned above, the large VALIGA cohort allowed a sub-analysis of subjects

with IgAN enrolled in different European countries. We aimed at investigating

differences in clinical and pathological features and the influence of immunosup-

pressive regimen on the final outcome. We considered 247 VALIGA patients

enrolled in East-Northern Europe (including the Netherlands, England, Scotland,

Estonia, Poland, and Sweden) and 600 cases from South Europe (Italy).

Patients from Northern and Southern Europe had rather similar demographic and

clinical features at renal biopsy (Table 12.2). Gender distribution and mean age at

renal biopsy were similar (70 and 73 % of males, respectively, in the two cohorts),

Table 12.2 Baseline data of patients with IgA nephropathy enrolled in Northern European

countries (England, Scotland, Estonia, Poland, and Sweden) and in Southern Europe (Italy)

VALIGA VALIGA

Northern EU countries Southern EU countries

Number of patients 274 600

Male (%) 70 73

Age (years) 34.3� 15 36� 17.5

Pediatric subjects (%) 15 19

eGFR (ml/min/1.73 m2) 77� 30 76� 31

Proteinuria (g/day) 1.5 (0.6–3.1) 1.8 (0.5–2.3)

MAP (mmHg) 99� 13 97� 13

Pathology features

M1 (%) 33 25

E1 (%) 14 9

S1 (%) 74* 65

T1–T2 (%) 23þ 18

Follow-up

Duration of follow-up (years) 6.8� 4.6 5.8� 4

Follow-up proteinuria (g/day) 1 (0.4–1.7) 0.7 (0.4–1.5)

Significance of the difference. *p< 0.01; þp< 0.02
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with a mean age of 34 and 36 years and similar proportion of children (15–19 %).

Also baseline eGFR, proteinuria, and mean arterial blood pressure (MAP) were

similar in patients with IgAN enrolled in Northern and in Southern Europe (mean

eGFR 77� 30 and 76� 31 ml/min/1.73 m2, median proteinuria 1.5 and 1.8 g/day,

MAP 99 and 97 mmHg, respectively). Pathology features were slightly worse in

patients enrolled in Northern Europe in comparison to those in Southern Europe for

all the MEST scores, with significantly higher S and T scores, in spite of similar

mean baseline values of eGFR and proteinuria. The follow-up was 4.8–5.8 years,

with median follow-up proteinuria of 1 and 0.7 g/day, respectively, in patients from

North and South Europe (Table 12.2).

The treatment options chosen by the nephrologists in different European coun-

tries (Table 12.3) were similar in the use of RAS blockade (84 % in both European

geographic areas), while there was a huge difference in the use of CS/IS, prescribed

to 28 % only of IgAN patients in Northern Europe versus 53 % in Southern Europe.

The outcome was significantly worse ( p< 0.001) in VALIGA patients enrolled

in Northern Europe for each parameter investigated (Table 12.3), including the rate

of eGFR decline (3.2 versus �0.8 ml/min/1.73 m2/year), 50 % decrease in eGFR

(22 % versus 9.5 %), ESRD (16 % versus 8.3 %), and the combined end point of

50 % decrease in eGFR or ESRD (23.5 % versus 11.2 %).

Hence, the unadjusted outcome of patients with IgAN enrolled in VALIGA

centers of Northern Europe was significantly worse than what was found in patients

from Southern Europe, in spite of similar clinical baseline data, and the most

relevant risk factor detected was significantly higher use of CS/IS regimens in

patients from Southern Europe.

Table 12.3 Clinical outcome of patients with IgA nephropathy enrolled in Northern European

countries (England, Scotland, Estonia, Poland, and Sweden) and in Southern Europe (Italy)

VALIGA VALIGA

Northern EU

countries

Southern EU

countries

Number of patients 247 600

Treatment

RAS blockade (%) 84 84

Steroids/immunosuppressors (%) 28 53

Outcome

Rate of renal function decline (ml/min/1.73 m2/

year)

�3.2� 6.6* �0.8� 6.6

50 % decrease in eGFR 22* 9.5

ESRD 16* 8.3

50 % decrease in eGFR or ESRD (%) 23.5* 11.2

Significance of the difference *p< 0.001
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12.7 Conclusion

The VALIGA study provided a large cohort of patients with IgAN with various

clinical presentations and different treatments. It was useful not only to validate the

MEST score in predicting the renal function decline but also in getting insight into

the possible benefit of immunosuppressive therapy in addition to RAS blockade in

comparison to RAS blockade as monotherapy. The major novelty in the results

from the two publications from VALIGA study [25, 26] includes the value of

mesangial and endocapillary hypercellularity particularly in early stages of IgAN

and the protective effects on renal functional decline of CS/IS treatments added on

RAB blockade in comparison to RAS inhibition alone.

In Europe the frequency of IgAN and the rate of progression to end-stage renal

failure greatly differ in various countries, with eastward and northward. Among the

factors which may be responsible for this variability, like genetic as well as

environmental factors, differences in treatment approaches to IgAN could be

taken into account. From the VALIGA cohort, we observed that CS/IS treatment,

mostly associated with RAS inhibition, was frequently adopted in Southern Europe,

while Northern Europe tended to use RAS blockade alone. A difference in clinical

outcome of patients with IgAN was observed between these two geographical

European areas in association with different treatment regimens.
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Chapter 13

Differences in Etiology and Treatment

in Scandinavian Countries

Jukka Mustonen, Kati Kaartinen, Jaana Syrjänen, and Ilkka P€orsti

Abstract We here review the studies of IgA nephropathy (IgAN) performed in the

Scandinavian countries Denmark, Finland, Iceland, Norway, and Sweden, with

emphasis on the etiologic and prognostic factors as well as the treatment of

IgAN. During the last decades, most of the published studies about IgAN have

come from Sweden and Finland, whereas there are only few reports from the other

Scandinavian countries thus far.

Keywords IgA nephropathy • IgA glomerulonephritis • Scandinavian countries

13.1 General Aspects

IgAN was first described almost 50 years ago [1]. The diagnostic hallmark of IgAN

is the predominance of glomerular IgA deposits, either alone or with IgG, IgM, or

both. Complement C3 deposits are also almost always present [2]. A rare subgroup

of primary glomerulonephritis is IgA-IgM nephropathy, in which there are heavy

deposits of both IgA and IgM in the glomerular mesangium [3]. Glomerular IgA

deposition can be clinically totally silent or “lanthanic” [4, 5]. The ratio of subjects

with “lanthanic” glomerular deposits of IgA to those with clinically overt disease

can be estimated about 80–1 [4]. In a study from Finland, it was observed that 6.8 %

of the necropsy cases from people, who had committed suicide or had encountered

violent death, had mesangial IgA deposits [6].
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13.2 Epidemiology and Natural Course

The prevalence of nephritis among young Finnish men was examined in a study

30 years ago [7]. During an 8-year period (1975–1982), 174 military conscripts (out

of a total of 314,000) were studied in Helsinki University Central Hospital because

of hematuria and/or proteinuria. A representative renal biopsy sample was available

from 171 cases. Morphological analysis showed that 131 patients had glomerulo-

nephritis, IgAN being the most common type as it was found in 70 patients [7].

A study about the epidemiology and prognosis of glomerulonephritis in Den-

mark from the years 1985 to 1997 showed that the prognosis of mesangioproli-

ferative glomerulonephritis was unaffected by the presence of IgA deposits in

immunofluorescence examination of the renal biopsies [8]. Based on these findings,

the annual incidence of IgAN was estimated to be 1.8 cases per million, placing the

Danish residents to the lowest end of the spectrum of IgAN incidence in

populations [8].

A major finding in a Finnish study, based on the kidney biopsy registry of

Tampere University Hospital, was that the annual incidence of a biopsy-proven

glomerulonephritis, 17.6 per population of 100,000, was much higher than in any of

the European registries [9]. IgAN was the most common glomerulonephritis,

representing one third of all glomerulonephritides. Two other studies, one from

Australia and one from France, with a corresponding high biopsy rate as in the

above study, showed similar figures [10, 11]. There are no significant time trends in

the incidence of IgAN during the last decades in Finland. It was also presumed that

there is at least a tenfold true incidence of IgAN in the Finnish population when

compared with the number of subjects requiring renal replacement therapy, assum-

ing an unrestricted access to replacement therapy [9].

A recent study from Norway analyzed the mortality of 633 IgAN patients during

a mean follow-up time of 11.8 years corresponding a total of 7,464 person-years

[12]. The major new finding was that the age- and sex-adjusted mortality rate in

Norwegian patients was approximately twofold higher when compared with the

general population. A surprising finding was also that in IgAN patients, end-stage

renal disease (ESRD) occurred 3.2 times more frequently than pre-ESRD

deaths [12].

Geddes et al. [13] studied the long-term outcome of IgAN on three continents.

They found significant variability in renal survival between centers, with 10-year

actual survival rates of 95.7 %, 87.0 %, 63.9 %, and 61.6 % in Helsinki, Sydney,

Glasgow, and Toronto, respectively (P< 0.001). This was concluded to be consis-

tent with the hypothesis that geographical variability in the outcome of IgAN is

largely explained by lead-time bias and inclusion of milder cases in centers with

apparent good outcome. However, these findings do not exclude the possibility that

some of the variability is due to other factors such as genetics, diet, or

treatment [13].

Several clinical aspects of IgAN in children have been studied by a Swedish

group. They reported that childhood IgAN is not a benign disease, as after a median
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follow-up of 5 years, a number of children had impaired renal function [14]. More-

over, a rising excretion rate of IgG may be a marker of progressive disease [15],

while boys with proteinuria showed a significant decrease in renal function

[16]. Therefore, children with IgAN should be carefully monitored with adequate

glomerular filtration rate (GFR) measurements and urine protein analyses [17]. The

value of early diagnosis of IgAN has recently been emphasized by Tomino [18].

The progression of Henoch-Sch€onlein nephritis was studied in a material of

42 adult patients by a group in Helsinki, Finland. Renal survival 10 years after

biopsy was 91 %, and the only factor that was statistically significantly related to

progression was proteinuria >1.0 g/24 h [19].

Recently, the value of the Oxford classification was studied in 99 pediatric IgAN

patients with a follow-up of more than 5 years in Sweden. Three of the four

histology lesions, namely, mesangial hypercellularity score >0.5, presence of

endocapillary hypercellularity or tubular atrophy/interstitial fibrosis of >25 %,

and also presence of crescents, were valid in predicting poor outcome in the cohort

examined [20].

The natural long-term outcome of childhood IgAN was evaluated in a Finnish

retrospective study [21]. After a mean follow-up of 19 years, 71 % of patients had

abnormal renal findings and 39 % were receiving antihypertensive treatment at their

latest follow-up visit. Pregnancy complications were common: 55 % of the preg-

nancies had been complicated by proteinuria and/or hypertension, and the prema-

turity rate was 30 % [21].

Swedish authors evaluated if graft survival rates after renal transplantation are

better in IgAN patients when compared to those with other original renal diseases.

Rejection rates were not reduced in IgAN, and survival of grafts and patients were

not better than for the matched controls [22]. In another study by the same group, it

was shown that no specific human leukocyte antigen (HLA) is a risk factor for the

recurrence of IgAN in renal grafts and that cumulative graft survival was not

reduced in living versus cadaveric donor recipients [23].

The aim of a study performed recently in Finland and Spain was to determine the

incidence of IgAN recurrence, as assessed by protocol biopsies during the first

2 years after transplantation, and to determine predictive factors for the recurrence

[24]. IgA recurrence rate was 32 %. The histological diagnosis was not accompa-

nied by abnormalities in the urinalysis in half of the patients. Full DR match in HLA

analyses and the use of cyclosporine were factors associated with

non-recurrence [24].

A broad spectrum of clinical presentations and variable prognosis is typical for

IgAN. The genetic risk of IgAN, based on replicated genome-wide association

studies, is highest in Asians, intermediate in Europeans, and lowest in Africans, and

there seems to be increased prevalence of kidney failure in Northern Europe

[25]. Country-specific prevalence of IgAN demonstrates a trend for increased risk

in the Nordic countries, with the highest prevalence in Northern European countries

Sweden, Finland, and Iceland, while the prevalence is lower in Norway and in

Denmark [25].
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13.3 Pathogenesis

In a Finnish study almost 30 years ago, a single dose of subcutaneously adminis-

tered inactivated mumps virus vaccine was administered to male patients with

IgAN and IgM glomerulonephritis and to healthy controls. It turned out that

IgAN patients were high responders for IgA and IgG antibody production, whereas

patients with IgM glomerulonephritis were low responders, especially for IgA

antibody production [26].

In the second vaccination study by the same group, oral polio vaccine was

examined in 51 IgAN patients and 44 healthy controls [27]. Again, IgAN patients

showed an enhanced antibody response compared with controls, and they presented

with higher frequency of strong increases in neutralizing antibody titers as well as

higher levels of virus-specific IgA-class antibodies. The responses in IgG-class

antibodies showed similar activity in both groups. The IgA antibodies synthesized

by the patients seemed to be functionally competent antibodies. It was concluded

that in IgAN patients, augmentation of antigen-specific IgA response occurs and is

induced by different antigens and via different routes of inoculation [27].

In a Swedish study, stimulation of peripheral blood monocyte cells with a

polyclonal activator resulted in a threefold increase in synthesis of both IgA sub-

classes with a preference for IgA1 ribonucleic acid (RNA). It was concluded that

increased cytokine production and hyperresponsiveness to polyclonal stimulation

may play an important role in the increased synthesis of IgA in IgAN [28].

Swedish authors have demonstrated that patients with IgAN have circulating

IgA antibodies against collagen IV alpha chains [29]. In another study from

Sweden, the occurrence of anti-C1q antibodies was demonstrated in both IgAN

and systemic lupus erythematosus (SLE) nephritis, which was considered to sug-

gest a similar pathogenic mechanism involved in these renal disorders [30]. In one

study, the degree of monocyte activation as measured by monocyte respiratory

burst was studied in IgAN. The study demonstrated a higher monocyte respiratory

burst in patients with IgAN when compared to the cells obtained from healthy

controls, as well as a significant reduction in this parameter after a relatively short

time (1 month) of treatment with 20 mg of atorvastatin daily [31].

A recent study from Iceland was set up to determine if defective glycosylation

might promote IgA antibody deposition and subsequently influence the clinical

prognosis in IgAN [32]. The subjects included 44 patients and 46 controls, and it

turned out that increased IgA glycosylation in IgAN was associated with low levels

of IgA, concomitant glomerular IgA1 and IgA2 deposits, and poor clinical out-

come. Altogether, about 20 % of the patients had detectable glomerular IgA2

deposits [32]. One Japanese group has also reported IgA2 in the glomerular deposits

of some IgAN patients [33].

The role of streptococcal infection in IgAN has been studied by Swedish authors.

They have shown that mesangial IgA deposits co-localize with streptococcal

IgA-binding regions of M proteins [34], and that children with IgAN have high

antibody levels to IgA-binding streptococcal M proteins [35]. In a recent report,
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they demonstrated that IgA-binding M4 protein binds preferentially to galactose-

deficient polymeric IgA1 and that these proteins together induce excessive

pro-inflammatory responses and proliferation of human mesangial cells. Thus,

tissue deposition of streptococcal IgA-binding M proteins may contribute to the

pathogenesis of IgAN [36]. These findings are interesting as B cells in the tonsil

may be linked to the production of nephritogenic galactose-deficient IgA, which

subsequently induces polymeric IgA1 and IgA/IgG immune complex

formation [37].

In another Swedish study, the gene and protein expression of proteoglycans were

investigated in biopsies from 19 IgAN patients and 14 healthy kidney donors

[38]. Distinct patterns of gene expression were seen in glomerular and tubuloin-

terstitial cells. Three of the proteoglycans investigated were found to be

upregulated in glomeruli: perlecan, decorin, and biglycan. Perlecan gene expression

negatively correlated with albumin excretion and progress of the disease. Abundant

decorin protein expression was found in sclerotic glomeruli, but not in unaffected

glomeruli from IgAN patients or in controls. Transforming growth factor beta

(TGF-ß) was upregulated both on gene and protein level in the glomeruli.

Upregulation of biglycan and decorin, as well as TGF-ß itself, indicated that the

regulation of TGF-ß, and other profibrotic markers could play a role in IgAN

pathology [38].

13.4 Genetics

Immunoglobulin heavy chain switch region gene polymorphism was studied in

three European populations. Patients and controls from the UK, Italy, and Finland

were included. It was concluded that these genes are not important in conferring

disease susceptibility to IgAN in any of the countries studied [39].

In another study, HLA-DP gene polymorphism was studied in the same above

three European populations to determine whether ethnic variation exists in the

genetic susceptibility for IgAN [40]. The frequency distribution of the DPA1 and

DPB1 fragments was found to be similar between these Caucasoid IgAN patient

groups when compared with their respective controls. These results suggested that

HLA-DP region genes were not important in conferring disease susceptibility to

IgAN and did not influence clinical disease expression [40].

The third study with the same three IgAN populations did not demonstrate a

consistent association between HLA-DQ region and IgAN [41]. It was concluded

that there is no single DQ allele which predisposes to IgAN in these populations.

The proportion of patients presenting with macroscopic hematuria and renal impair-

ment varied between the three groups, and this might have influenced the

results [41].

Complement component C4 phenotyping and C4 isotope quantification were

performed in 93 IgAN patients from Southern Sweden. Phenotype frequencies did

not deviate from those of healthy controls. However, the findings suggested that
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homozygous C4A deficiency predisposes to the development of end-stage renal

failure in IgAN [42].

In a material of 168 IgAN patients from Finland, it was shown that patients with

angiotensin-converting enzyme (ACE) genotype II (insertion-insertion) have a

more favorable prognosis than those with genotypes ID/DD (deletion-deletion).

In patients with the ACE genotype II, renal function deteriorated very seldom, and

the degree of proteinuria decreased during the follow-up when compared with

proteinuria observed at time of diagnosis [43].

Another study from Finland evaluated the polymorphism of the important

cytokine genes of inflammation interleukin-1ß (IL-1ß), tumor necrosis factor-α
(TNF-α), interleukin-6 (IL-6), and interleukin-1 receptor antagonist (IL-1RA) in
167 patients with IgAN and 400 healthy controls. The carriage of ILß2 and

IL1RN*2 together with non-carriage of TNF2 increase the risk of IgAN fivefold.

However, no association was found between IgAN progression and cytokine gene

polymorphism during the follow-up time of 6–17 (median 11) years from renal

biopsy [44].

Genetic factors that predispose to sporadic IgAN were investigated in a high-

throughput single nucleotide polymorphism (SNP) association study in 732 patients

with biopsy-proven IgAN and 503 control subjects from Canada, France, and

Finland. Two significant association signals were found at IL5RA and TNFRSF6B,
the latter being a gene that encodes a decoy receptor for a TNF family ligand that

causes IgA in mice when overexpressed [45]. As discussed by the authors, they

were unable to confirm a previous report that found a genetic association at the

selectin gene cluster with IgAN in Japanese patients [46].

A group from Sweden has studied many genetic factors in a clinical material of

about 200 biopsy-proven IgAN patients. They have found that TGF-ß1 gene is an

important contributor to the susceptibility to IgAN, but no differences in genotype

frequencies between the non-progression and the progression groups of the patients

could be found [47]. In another study by the group, interferon regulatory factor

5 (IRF5), signal transducer and activator of transcription (STAT4), and TNF

receptor-associated factor 1-complement component 5 (TRAF1-C5) polymor-

phisms did not show an association with susceptibility and/or severity of IgAN.

Further, the results did not support an overlap in genetic susceptibility between

patients with lupus nephritis and IgAN [48]. There was no association between

CD89 gene polymorphism and susceptibility to IgA, but there was an association

between the levels of soluble CD89-IgA complexes in serum and the severity of

IgAN [49]. In the cohort of Swedish Caucasian IgAN patients, it was found that the

variants of HLA-DRB1 were associated with IgAN, of which the HLA-DRB1*03

revealed a strong protective effect of IgAN. The conclusion was that involvement

of adaptive immunity may be of importance in the development of IgAN [50].
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13.5 Etiology

IgAN was originally described as a primary glomerulonephritis [1] and was also

found in patients with the Henoch-Sch€onlein syndrome (HSS) [51]. Soon thereafter,

it was found that glomerular IgA deposits are often present in patients with

alcoholic liver cirrhosis [52]. Primary IgAN and HSS are considered to be parts

of the spectrum of IgA-related diseases [53]. A clinical spectrum was also visible in

a previous Finnish material, as some patients had a fully developed HSS and some

only had a purpuric rash in addition to IgAN [54].

13.5.1 Associated Diseases

In two Finnish studies, associated diseases were found in 54–62 % among IgAN

patients [54, 55]. These diseases did not include various acute infectious illnesses

that are known to provoke the clinical manifestations of IgAN. Interestingly, in

many of these diseases, a high serum IgA concentration has been documented:

ankylosing spondylitis, psoriatic arthritis, systemic lupus erythematosus, rheuma-

toid arthritis (RA), idiopathic pulmonary siderosis, chronic bronchitis, pulmonary

fibrosis, sarcoidosis, alcoholic liver cirrhosis, celiac disease (CD), HSS, sclero-

derma, and certain neoplastic diseases as discussed below [54, 55].

Case reports of IgAN associated with chronic viral infections such as hepatitis C

and B and human immunodeficiency virus (HIV) have been reported in the litera-

ture. However, the prevalence of these infections is quite low in the Scandinavian

countries as compared to many other parts of the world. This may explain why no

such reports have emerged from Scandinavia.

In many reports during the 1970s and 1980s, IgAN was reported to coexist with

several types of diseases including rheumatic, gastrointestinal, hepatic, dermato-

logic, ophthalmologic, hematologic, neoplastic, and unclassified diseases, as

reviewed by Mustonen and Pasternack [55]. In 1984, Australian authors suggested

that IgAN should be regarded as a syndrome, and they divided IgAN into primary

and secondary forms [56].

One study examined whether there were any differences in the clinical, histo-

pathologic, or immunologic features in IgAN between the patient groups with

associated diseases and those without any extrarenal diseases [57]. The only

discovered differences were higher prevalence of renal interstitial cell infiltrates

and IgA deposited along glomerular capillary walls in patients with associated

diseases. No differences were observed in the severity or prognosis between these

two groups of patients [57].

Without an understanding of the pathogenesis of primary IgAN, it remains

difficult to dissect out those diseases in which there is only an association with

primary IgAN by chance versus those diseases in which there might be shared

pathophysiology [58].
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13.5.2 Malignancies

In 1978, two IgAN patients with bronchial carcinoma and Henoch-Sch€onlein
purpura were described [59]. Later, we reported two cases of patients with a

bronchial small cell carcinoma coexisting with IgAN [60]. One of the patients

had also a purpuric rash suggestive of HSS. It was calculated that a causal

relationship between bronchial carcinoma and IgAN was very likely [60]. Some

years later, we reported four more IgAN patients with a malignancy: carcinoma of

the tongue, nasopharyngeal papilloma, retroperitoneal liposarcoma, and pancreatic

carcinoma [61]. Interestingly, many of these malignancies affect mucosal mem-

branes and have been shown to associate with high serum IgA levels. As we

concluded then, the relationship between neoplastic diseases and IgAN still remains

unresolved [61].

13.5.3 Rheumatic Diseases

The prevalence of IgAN in the Finnish population has been estimated to be 1.3 %

[6]. The corresponding prevalence in a Finnish renal biopsy material of patients

with RA was 8 %, which suggests that IgAN is more common than expected in

patients with RA [62]. Among 37 RA patients with mesangial glomerulonephritis

(MesGN), there were two main patterns of the nephropathy. Immunofluorescence

study showed mesangial IgM deposits as the sole or main finding in 25 patients

[62]. This finding closely resembles morphologically the so-called IgM nephropa-

thy [63]. IgAN was found in 9 out of 37 patients. The biopsy indications were quite

liberal, since five of these patients had microscopic hematuria and proteinuria,

while four subjects had only hematuria as the clinical manifestation of IgAN. The

intensity of mesangial IgA deposition, graded from – to +++, correlated signifi-

cantly with the age of the patients, duration of RA, class of functional capacity,

erythrocyte sedimentation rate, and especially with the serum IgA level in the

whole group of 37 patients. The prevalence and the concentrations of

IgA-rheumatoid factor (RF) were especially high in patients with IgAN [62]. It

was suggested that RFs may be involved in the renal injury in these patients and that

MesGN represents an extra-articular manifestation of the basic rheumatic disease

[62]. Mesangial proliferative glomerulonephritis with IgA deposits has also been

reported to be the most common type of nephropathy in Japanese patients with RA

[64]. The authors suggested that IgA-RF may play little pathogenetic part in the

development of IgAN in RA [64].

228 J. Mustonen et al.



13.5.4 Celiac Disease and Intestinal Tract

In 1983, we documented the occurrence of IgAN in three patients with CD, two of

whom had also dermatitis herpetiformis (DH) [5]. Both CD and DH are character-

ized by gluten-sensitive enteropathy. All patients presented with elevated serum

IgA levels as well as dermal IgA deposits either in the papillary pattern typical of

DH or within the dermal vessel walls.

Glomerular immunopathology was studied in 25 patients with newly diagnosed

CD [65]. None of the subjects had any clinical signs of renal disease. Glomeruli

were obtained by atraumatic fine-needle aspiration biopsy [66], and the specimens

were studied by indirect immunofluorescence for immunoglobulin and complement

[67]. Mesangial IgA deposits were found in eight (32 %) of the patients, but C3 was

not present in any of them. IgA-class circulating immune complexes, antireticulin

and antigliadin antibodies, as well as IgA-RF occurred more often in patients with

IgA deposits than in those without mesangial IgA. These results suggested that

glomerular IgA deposits are frequently present in untreated CD without inducing

overt clinical glomerulonephritis [65].

To clarify possible intestinal mucosal involvement in IgAN, 17 patients with

IgAN underwent gastroscopic examination and small bowel mucosal findings were

studied [68]. In all specimens, the mucosal architecture was normal. The amount of

gamma-delta T cells and the total amount of T cells, as indicated by cluster of

differentiation 3+ (CD3+) positivity, were both significantly increased in IgAN

patients when compared to patients who had undergone gastroscopy because of

dyspepsia and who served as controls. The number of alpha-beta T cells was also

higher in IgAN patients. Villous epithelium of the patients disclosed a significant

increase in the expression of HLA-DR antigen and GroEL stress protein. A

conclusion was made that ongoing small bowel inflammation and stress are present

in IgAN. Despite normal morphology that excludes CD, there is reason to believe

that intestinal mucosa is involved in the pathogenesis of IgAN [68].

Intestinal inflammation in IgAN was further studied by using duodenal biopsy

specimens of the same 17 IgAN patients as above [69]. The amount of CD3+

cells and cyclooxygenase-2 (COX-2)-positive cells was significantly increased, and

J-chain-producing plasma cells were decreased in IgAN patients compared to con-

trols. CD3+ cells were coexpressed with COX-2 protein and COX-2-positive cells

also expressed CD45RO antigen. The number of lymphocytes and COX-2 expression

correlated with serum IgA level. COX-2-positive subepithelial fibroblasts were a

conspicuous finding in IgAN. Also, in CD68+ and CD15+ cells, a significant increase

was seen. These results clearly indicate that small bowel inflammation in IgAN is

presented as an increased number of mucosal inflammatory cells. However, poly-

meric IgA production is decreased. Active intestinal inflammation in IgAN was

strongly related with serum IgA, proteinuria, and hematuria. Subepithelial bowel

fibroblasts seemed also to be involved in the process [69].

CD is strongly associated with the HLA-DQ2 and DQ8 haplotypes [70]. In one

study, we sought to establish how common CD is in patients with IgAN and
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whether the possible association can be explained by similar HLA-DQ status

[71]. A total of 223 adult patients with IgAN were studied. Eight patients (3.6 %)

with IgAN were found to have also CD. All CD cases had the HLA-DQ2 or

HLA-DQ8 haplotype, but these haplotypes were not more common in 168 IgAN

patients eligible for haplotyping than in their controls. As many as 14 % of

HLA-DQ2-positive patients with IgAN had CD. It was concluded that patients

with IgAN carry a risk of contracting CD. This association cannot be explained by a

similar accumulation of HLA-DQ haplotypes. A hypothesis was presented that

increased intestinal permeability in IgAN may predispose genetically susceptible

patients to CD [71].

In a Swedish population-based prospective cohort study comprising 27,160

individuals with CD and no previous renal disease, seven (0.026 %) individuals

with CD developed IgAN. An increased risk of biopsy-verified IgAN among

individuals with CD was threefold, even after adjustment for prior liver disease

and country of birth [72].

Rectal mucosal inflammatory reaction to gluten was examined in 27 patients

with IgAN and 18 controls in a study performed by authors from Sweden and

Norway [73]. The rectal mucosal production of nitric oxide and release of

myeloperoxidase and eosinophil cationic protein were measured. Gluten reactivity

was observed in 8 of 27 IgAN patients but in none of the controls. A hypothesis was

presented that subclinical inflammation to gluten might be involved in the patho-

genesis of IgAN in a subgroup of patients [73].

A study made by the authors from Sweden, Norway, and Iceland evaluated rectal

mucosal sensitivity to soy and cow’s milk protein in 28 IgAN patients by using a

recently developed mucosal patch technique. Approximately half of the patients

had a rectal mucosal sensitivity to these proteins, suggesting immune reactivity

against these antigens in IgAN [74].

The aim of a recent study from the USA was to evaluate a large series of kidney

biopsy specimens to define the spectrum and relative frequencies of inflammatory

bowel disease (IBD)-associated kidney abnormalities [75]. Eighty-three of 33,713

renal biopsy specimens were from patients with IBD, so 54 cases were suffering

from Crohn’s disease and 38 from ulcerative colitis. IgAN was the most common

diagnosis in these patients, which suggested a shared pathophysiology between

intestinal and kidney disease [75]. A previous Finnish material of 230 IgAN

patients included only two cases with ulcerative colitis and none with Crohn’s
disease as an associated disease [55].

In a recent comprehensive review by Coppo [76], a tempting new hypothesis for

a strong intestine-kidney connection in IgAN was presented. This may include

abnormal response to microbiota with alterations of the intestinal barrier, including

increased absorption of alimentary antigens and bacterial toxins, triggering

mucosal-associated lymphoid tissue (MALT) activation, and subclinical intestinal

inflammation [76].

In a genome-wide association study (GWAS) of IgAN, six new significant

associations were identified [77]. Interestingly, most of the loci found were either

directly associated with the risk of IBD or maintenance of the intestinal epithelial
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barrier and response to mucosal pathogens. Moreover, the study demonstrated

significant overlap of these loci with the loci for other autoimmune and inflamma-

tory disorders, such as RA, systemic sclerosis, alopecia areata, Graves’ disease,
follicular lymphoma, and type 1 diabetes [77].

13.5.5 Vascular Diseases

In a material of 221 adult IgAN patients, we demonstrated that vascular diseases are

notably common in them [78]. The patients had significantly more frequent coro-

nary heart disease and cerebrovascular disease than the general population in

Finland. Especially, patients with progressive IgAN had elevated risk of developing

vascular disease. Vascular changes seen in renal biopsy specimens of the patients

signify an elevated risk of vascular diseases [78]. This is interesting, as it is possible

that IgA-mediated inflammation may modify the vascular injury associated with

hypertension and atherosclerosis in IgAN [79]. To our knowledge, there are no

studies published in which the incidence or prevalence of vascular diseases has

been compared between IgAN patients from different countries.

13.6 Progression

In our own study, body mass index (BMI) was higher at the time of renal biopsy

among those IgAN patients who showed progression of renal disease during follow-

up when compared with those who did not progress [80]. In a French study,

excessive body weight at the time of diagnosis has also been shown to be an

independent risk factor for chronic renal failure in IgAN [81]. Moreover, it was

recently reported in Japanese IgAN patients that even slightly elevated BMI is a risk

factor for the progression of the disease [82]. Our group has observed in prospective

studies that in addition to the well-known risk factors age, hypertension, and

proteinuria, several metabolic factors such as hypertriglyceridemia, hyperuricemia,

and hyperinsulinemia are also risk factors for the progression of IgAN [80, 83]. In

another study, we evaluated the impact of inflammatory markers and observed that

also sensitive C-reactive protein, serum albumin, and white blood cell count were

associated with the progression of IgAN [84].

We have also shown that many metabolic factors are associated with renal

morphologic alterations in IgAN [85]. These factors that play a central role in the

metabolic or insulin resistance syndrome possibly have a pathogenic role also in the

progression of IgAN. Serum uric acid may have an independent role in the

development of tubulointerstitial lesions as well as being associated with inflam-

mation in renal tissue in IgAN [85].

In a material of 204 IgAN patients, we focused on leukocyte infiltrations and

cytokines of the renal biopsy specimens [86]. We found that the parameters
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reflecting tubulointerstitial inflammation (leukocyte common antigen, CD3, CD68,

interleukin-1β, and interleukin-10) predict the deterioration of renal function in

IgAN during a median follow-up of 10 years. This was also seen in patients whose

serum creatinine was normal at the time of renal biopsy [86]. In the Oxford

classification, four of the histologic variables, namely mesangial hypercellularity,

segmental glomerulosclerosis, endocapillary hypercellularity, and tubular atrophy/

interstitial fibrosis were shown to have independent influences in predicting renal

outcome of IgAN [87]. We suggest that tubulointerstitial inflammation should also

be taken into account when evaluating the prognosis of a patient with IgAN.

The prevalence of metabolic syndrome (MetS) was found to be 39 % in patients

with IgAN, corresponding to that of the general Finnish population [88]. Further-

more, the presence of MetS was significantly associated with the progression of

IgAN in univariate analysis. However, in multivariate analysis, MetS was no more a

significant prognostic determinant, suggesting that it is not an independent prog-

nostic variable in IgAN [88].

In a Japanese study, alcohol consumption was suggested to have a protective

effect against developing IgAN [89], but this finding could not be confirmed in

another study by the same investigators [90]. According to our study, alcohol

consumption, as determined by interviews about the amount of alcohol intake,

combined with the measurement of a specific biomarker of alcohol abuse, might

have a favorable impact of the progression of IgAN [91]. When the study popula-

tion of 158 patients was divided by gender, the kidney function during the follow-

up of 6 years was found to be best among light drinkers in women and among

moderate drinkers in men. As we discussed, the question about the safe level of

alcohol use remains to be determined, and this might also be different between men

and women [91].

Some years ago, a new scoring system to predict renal outcome in IgAN was

published [92]. It was based on a large cohort of 2,238 patients followed in

97 clinical units in Japan. In a recent study from Norway, this Japanese prognostic

model was also found to be applicable in the prediction of 10-year risk of ESRD in

Norwegian IgAN patients [93]. This indicates that the prognosis of IgAN is similar

in Japan and Norway.

An active group from Sweden has recently reported several factors that are

associated with the progression of IgAN. They found that the plasma levels of

soluble interleukin-2 receptor alpha predicts renal outcome in IgAN, providing

support for the view that IgAN is a T-cell-driven disease [94]. Patients with IgAN

and an increased apolipoprotein B/apolipoprotein A-I ratio have a significantly

higher risk of developing ESRD when compared with patients with a low ratio. This

result was suggested to strengthen the hypothesis that similar mechanisms may be

involved in progressive renal and cardiovascular disease [95]. Circulating fibroblast

growth factor-23 (FGF23) was also found to associate with albuminuria and disease

progression in patients with IgAN. A question was expressed whether FGF23

modifies albuminuria or fibrosis as a part of an “off-target” effect that has been

evidenced in the cardiovascular system [96].
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13.7 Treatment

A wealth of modalities have been used in the treatment of IgAN: modulation of

immune response by many drugs and plasma exchange, antigen elimination includ-

ing tonsillectomy, anticoagulant/antithrombotic/fibrinolytic agents, diet therapies,

antihypertensive/anti-proteinuric agents, lipid-lowering therapy, miscellaneous

other therapies and combination therapies as well as renal replacement therapy,

and transplantation [2, 97]. There are no national guidelines for the treatment of

IgAN in any Scandinavian country (personal communication from the Presidents of

Danish, Finnish, Norwegian, and Swedish Societies of Nephrology and Iceland

Renal Association).

In 1983, we published the first report of corticosteroid treatment in IgAN

[98]. Six patients with nephrotic syndrome and IgAN were treated with oral

corticosteroids. Three of them with mild glomerular histologic alterations

responded to treatment, while three patients with moderate to marked mesangial

changes associated with segmental sclerosing or proliferative lesions showed no

response. We concluded that corticosteroid treatment was justified when the

nephrotic syndrome was due to IgAN and only minor glomerular changes were

observed [98].

This finding has since been confirmed in many other reports from several

countries, and there has been much discussion about the relationship between

IgAN and minimal change disease (MCD) [99–103]. It has been suggested that

these patients might have either MCD with glomerular IgA deposits, a distinct

variant of IgAN, or that the nephropathies occur sequentially as two separate

disorders [104].

It has later been observed that also some nephrotic IgAN patients with quite

severe glomerular sclerosing or proliferative changes go into clinical remission

during immunosuppressive drug therapy, after cessation of therapy, or

spontaneously [104].

There are some rather old case reports where the addition of cyclophosphamide

or azathioprine to corticosteroid therapy seemed to cause the disappearance of the

nephrotic syndrome in IgAN with minimal glomerular changes [99, 105, 106].

In a study from Sweden, the effects of beta-blocking agents and the angiotensin-

converting enzyme inhibitor enalapril as antihypertensive drugs were compared in

47 IgAN patients. GFR was determined by 51Cr-EDTA clearance. The deteriora-

tion of GFR was faster in patients treated with beta-blocking agents than in the other

group of patients [107].

In a Swedish retrospective study, the authors examined 43 children, of whom

24 had Henoch-Sch€onlein nephritis (HSN) and 19 had primary IgAN [108]. The

median age at onset was 12 years, and the subjects were followed for a median of

3 years. The patients were treated with corticosteroids, cyclophosphamide, and

angiotensin-converting enzyme inhibitor/angiotensin receptor blocker. The effects

of treatment did not differ between patients with HSN and primary IgAN [108].
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In a Swedish study, IgAN patients were given a fish oil product with a high dose

of omega-3 polyunsaturated fatty acids (w-3-PUFA) or corn oil in a prospective,

double-blind, randomized setting [109]. By 6 months, fish oil treatment resulted in a

slight reduction in GFR compared to the start, whereas no change in GFR was

observed in the corn oil group. The urinary total protein and red blood cell

excretions were not affected in any of the groups [109]. There are other studies of

fish oil treatment in IgAN with varying results. Although this therapy is widely

prescribed in IgAN, further studies in this area are required before any firm

conclusions can be drawn [110].

According to a recent case report from Sweden, early initiation of anti-C5

antibody eculizumab therapy in patients with progressive IgAN may have a bene-

ficial effect by blocking the complement-mediated inflammation [111]. A patient

with rapidly progressive crescentic IgAN was treated, in addition to intravenous

methylprednisolone pulses and mycophenolate mofetil, also with eculizumab for a

total period of 3 months. The treatment led to temporary clinical improvement with

stabilization of the GFR and reduction of proteinuria [111].

A pilot study was performed in Sweden, in which oral budesonide 8 mg/day was

given to 16 patients with IgAN for 6 months, followed by a 3-month follow-up

period [112]. An enteric formulation of the locally acting budesonide, designed to

release the active compound in the ileocecal region, was used in the study. The

targeted release was hypothesized to exert its effects by local immunosuppression,

and the local administration minimized the systemic side effects seen with oral

corticosteroids. The treatment had a significant lowering effect on urine albumin

excretion accompanied by a minor reduction of serum creatinine. Budesonide was

suggested to represent a new treatment of IgAN, the findings clearly warranting

further investigation [112].

A subsequent NEFIGAN Trial is a randomized, placebo-controlled study that

has just been performed in 56 centers in ten European countries including Denmark,

Finland, and Sweden from Scandinavia. This study evaluates the efficacy and safety

of two different daily doses (8 and 16 mg) of budesonide in a modified-release

capsule formula in the treatment of patients with primary IgAN at risk of develop-

ing ESRD. The first results will be available in 2015.

In our opinion, several determinants should be taken into account when deciding

the treatment of an individual IgAN patient: the age and gender and associated

diseases of the patient, past history and clinical course of IgAN including blood

pressure values, the level of proteinuria and GFR, as well as glomerular, tubuloin-

terstitial, and vascular changes of the renal biopsy of the patient.

In conclusion, IgAN presents usually as primary glomerulonephritis, but in

many cases, it may also be a part of some systemic disease. Secondary IgAN is

seen most commonly in patients with liver disease or mucosal inflammation, in

particular affecting the gastrointestinal tract. The highest prevalence of IgAN in the

Nordic countries has been found in Sweden, Finland, and Iceland, while the

prevalence is lower in Norway and in Denmark. There are no specific national

guidelines for the treatment of IgAN in Scandinavian countries. Several clinical,
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laboratory, and renal histopathologic findings influence the treatment strategy of a

patient with IgAN.
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Chapter 14

The Implication of the KDIGO Clinical

Practice Guidelines on Management of IgA

Nephropathy

Philip Kam-tao Li and Kai Ming Chow

Abstract The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) clin-

ical practice guideline published by the expert panel addresses the treatment

approach to IgA nephropathy. The KDIGO Work Group commissioned a system-

atic review of randomized trial evidence, evaluated the evidence, made recommen-

dations, indicated the level of evidence supporting those recommendations, used

GRADE methodology, and reported conflicts of interest. This provides important

guidance for the care of patients with IgA nephropathy, with emphasis on treatment

with angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor

blockers to decrease proteinuria. The treatment goal of blood pressure depends on

the level of proteinuria (<125/75 mmHg if initial proteinuria is >1 g/day and

<130/80 mmHg if proteinuria is <1 g/day). The use of steroid, mycophenolate

mofetil, fish oil, and tonsillectomy was discussed in the guidelines. Research

suggestions were also made in areas that the current level of evidences is low.

Keywords KDIGO • Clinical practice guideline • Evidence-based medicine •

Randomized controlled trial

14.1 Introduction

Management of IgA nephropathy remains controversial despite an improved under-

standing of the disease mechanisms. Consensus for the best treatment protocol of

IgA nephropathy is lacking for many reasons, one of the most important reasons

being the relatively few randomized, controlled clinical trials. Other key difficulties

with managing IgA nephropathy is the heterogeneity of the disease, absence of

disease-specific treatment, and small number of event rates with short-term follow-

up, as is the case with most published trials in IgA nephropathy.
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In addition, evidence-based guidelines for the management of IgA nephropathy

had not been available until the publication of the 2012 Kidney Disease: Improving

Global Outcomes (KDIGO) Clinical Practice Guideline for Glomerulonephritis

[1]. In other words, this is the first document of expert panel guidelines on

managing glomerulonephritis including IgA nephropathy. The chapter on IgA

nephropathy laid the groundwork on this field, making treatment recommendations

for primary IgA nephropathy. Notably, it is intended to provide guidance rather

than a strict set of rules. With the publication of KDIGO guidelines, a commonly

agreed approach of managing IgA nephropathy is gaining momentum. Guidelines,

as quoted recently by Krumholz HM, “should inform but not dictate, guide but not

enforce, and support but not restrict” [2]. The guidelines are therefore not supposed

to tell us what to do for every difficult patient in every situation; they will remind us

what we know and what we do not know. On the other hand, the evidence-based

KDIGO guidelines must be put in context with the concept that its utility is meant

for physicians in all parts of the world, where most medications recommended

should be available at reasonably low cost [3].

KDIGO is a not-for-profit organization incorporated under Belgium law and is

led by an international board of directors, independent of established medical

associations [4]. Basic elements for high-quality guidelines, such as those listed

by the Institute of Medicine, include the utilization of systematic literature review

as the starting point, transparent disclosure of methods for all development steps,

multidisciplinary development group and involvement of relevant stakeholders in

the external review process, disclosure and active management of (financial and

nonfinancial) conflicts of interests, and the use of the Grading of Recommendations,

Assessment, Development, and Evaluations (GRADE) methodology [5].

The KDIGO Work Group sought to improve transparency by using the GRADE

methodology which enables an important distinction between the quality of the

evidence and the strength of the recommendation. The Work Group made clear that

they are classifying the strength of recommendation as Level 1 or Level 2. The two

levels of recommendations are determined by the strength of the evidence

supporting the recommendation, the net medical benefit, values and preferences,

and costs. Level 1 recommendation can be translated as “We recommend,” imply-

ing that most patients in their situation would want the recommended course of

action and only a small proportion would not. Another implication of Level

1 recommendation is that it is unlikely to change even with the results of future

research. Level 2 evidence, translated as “We suggest,” refers to the situation in

which the majority of patients would want the recommended course of action, but

many would not. Further research, under this circumstance, is considered worth-

while. Quality of the evidence, in turn, was characterized by four different levels, as

either high (A), moderate (B), low (C), or very low (D).

In line with the process of developing KDIGO guidelines, we discuss the

implication of managing IgA nephropathy, highlight the published commentary

on the KDIGO guidelines on IgA nephropathy, and report relevant literature

available after the publication of KDIGO guidelines.

242 P.K.-t. Li and K.M. Chow



14.2 Major Implications of KDIGO Guidelines

Table 14.1 summarizes the salient Level 1 and 2 treatment recommendations [1]. It

should be stressed that IgA nephropathy represents a wide spectrum of clinical

presentations, and optimized supportive therapy remains the cornerstone of treating

IgA nephropathy. In terms of supportive therapy, the KDIGO guidelines empha-

sized control of blood pressure and proteinuria by up-titration of an ACE inhibitor

(ACEI) or angiotensin II receptor blocker.

The rationale of the KDIGO guidelines is based on moderate-quality evidence to

suggest that proteinuria more than 1 g/day is associated with an accelerated decline

in kidney function, in a dose-dependent fashion and independent of other risk

factors. The strongest evidence (“We recommend”) points to a proteinuria

Table 14.1 The essence of treatment recommendation by KDIGO clinical practice guideline

Recommendation

Long-term ACEI or ARB or ARB treatment when proteinuria is >1 g/day, with up-titration of

the drug depending on blood pressure (1B)

Suggestions

Proteinuria

ACEI or ARB if proteinuria is between 0.5 and 1 g/day (in children, between 0.5 and 1 g/day

per 1.73 m2) (2D)

ACEI or ARB be titrated upward as far as tolerated to achieve proteinuria <1 g/day (2C)

6-month course of corticosteroid therapy in patients with persistent proteinuria �1 g/day

despite 3–6 months of optimized supportive care (including ACEI or ARB and blood pressure

control) and GFR >50 ml/min per 1.73 m2 (2C)

Fish oil if persistent proteinuria �1 g/day despite 3–6 months of optimized supportive care

(including ACEI or ARB and blood pressure control) (2D)

Blood pressure

Treatment goal of <130/80 mmHg in patients with proteinuria <1 g/day (not graded)

Treatment goal of <125/75 mmHg when initial proteinuria is >1 g/day (not graded)

Rapidly declining GFR

Supportive care for AKI in IgA nephropathy, with a kidney biopsy performed during an

episode of macroscopic hematuria showing only ATN and intratubular erythrocyte casts (2C)

Steroids and cyclophosphamide in patients with IgA nephropathy and rapidly progressive

crescentic IgA nephropathy, analogous to the treatment of ANCA vasculitis (2D)

Treatment as for MCD in nephrotic patients showing pathological findings of MCD with

mesangial IgA deposits on kidney biopsy (2B)

Treatments not suggested

Immunosuppressive therapy in patients with GFR <30 ml/min per 1.73 m2 unless there is

crescentic IgA nephropathy with rapidly deteriorating kidney function (2C)

Mycophenolate mofetil (2C)

Antiplatelet agents (2C)

Tonsillectomy (2C)

Abbreviation: ACEI angiotensin-converting enzyme inhibitor, AKI acute kidney injury, ANCA
anti-neutrophil cytoplasmic antibody, ARB angiotensin receptor blocker, ATN acute tubular

necrosis, GFR glomerular filtration rate, MCD minimal change disease
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(in adults) cutoff of 1 g/day (Table 14.1), below which (and sustained) a favorable

outcome is achieved. There is valid concern that an increased risk starts with

proteinuria above 0.5 g/day (“We suggest”).

Noting the less controversial proteinuria cutoff of 1 g/day in adults, the KDIGO

guidelines suggest additional treatment when the proteinuria is persistently more

than 1 g/day despite 3–6 months of optimized supportive care (including ACEI or

angiotensin II receptor blocker and blood pressure control). Choices (“we suggest”)

include fish oil, a 6-month course of corticosteroid therapy, or both. The guidelines

do not address how to choose between fish oil and corticosteroid, but the cortico-

steroid therapy should be restricted to patients with glomerular filtration rate of

more than 50 ml/min per 1.73 m2 of body surface area according to the KDIGO

guidelines (Table 14.1). Furthermore, the preferred dosage regimen for corticoste-

roids (combined pulse and oral steroids versus purely oral regimen) cannot be

commented. The guidelines also draw attention to the potential of more side effects

with high-dose pulse corticosteroids, as reported in non-IgA nephropathy

patients [1].

It is important to take precaution and keep in mind that the KDIGO guidelines

include mostly Level 2 evidence (“We suggest”) and much less Level 1 recommen-

dation (“We recommend”). This is partly because of the considerable lack of

randomized controlled trials, among which patient numbers seldom exceed 200.

Another important purpose of the KDIGO guidelines is the opportunity to prioritize

areas in need of research. For example, there is no randomized controlled trial of

treatment in crescentic IgA nephropathy.

14.3 Published Commentaries of KDIGO Guidelines

Since the publication of KDIGO guidelines, a few reviews had been published on

the topic of IgA nephropathy [6, 7] and evaluation of the guidelines [8]. In

particular, the National Kidney Foundation Kidney Disease Outcomes Quality

Initiative (NKF-KDOQI) [9] and the Canadian Society of Nephrology [10] made

specific comments on the chapter of IgA nephropathy.

Much insight can be gleaned from the discussion from these two documents

[9, 10]. Their focuses were summarized in Table 14.2. A few points deserve

mentioning. First, both commentaries highlighted the corticosteroid treatment

threshold for IgA nephropathy: trial of corticosteroids should only be considered

in patients with preserved renal function or glomerular filtration rate above 50 ml/

min per 1.73 m2. Admittedly, this is reasonable to draw such conclusion based on

the inclusion criteria and subject profiles of the three major trials of corticosteroids

[11–13]. Nonetheless, concern about corticosteroid side effects explains the need to

emphasize the treatment criteria. The Canadian commentary advises the consider-

ation of corticosteroids at the level of the individual patients, taking into account of

their relative contraindications to steroid therapy [10]. And, as highlighted by the

US commentary [9], a meta-analysis of corticosteroid treatment in IgA nephropathy
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Table 14.2 Published comments on KDIGO clinical practice guideline concerning IgA

nephropathy

Commentary source

Critiques, remarks, and

rationale Implication and suggestion

National Kidney Foundation

Kidney Disease Outcomes

Quality Initiative (KDOQI)

US commentary [9]

No trials showing ACEI or

ARB decrease the risk for

ESRD from IgA nephropathy

No need to decrease protein-

uria to <0.5 g/day/1.73 m2 in

children

No objective evidence for

superiority of proteinuria goal

<0.5 g/day per 1.73 m2 to

<1.0 g/day per 1.73 m2 in

children

Target blood pressure goals in

children based on gender and

age norms outlined by the

National Institutes of Health

(NIH) Task Force on Blood

Pressure Control in Children,

aiming for blood pressure

below the 95th percentile

Agree with the additional

benefit of corticosteroids

Agree with not treating with

cyclophosphamide or

azathioprine

Trial of corticosteroids

restricted to patients with

preserved renal function

(concept about “point of no

return”)

Generally agree with not using

mycophenolate mofetil, but

there may be some benefit in

patients of Asian ancestry

Reasonable to use

mycophenolate mofetil as an

alternative agent if cortico-

steroids fail or are poorly tol-

erated in patients of Asian

ancestry

Conflicting evidence on effi-

cacy of fish oil supplements

but there is little risk

Suggest future research com-

paring racial differences in

response to immunosuppres-

sive agents

Low-quality evidence to the

benefit of antiplatelet therapy

(and expected low adherence

to the three-times-daily regi-

men with dipyridamole)

Suggest using fish oil as

stated Suggest not using

antiplatelet agents

No benefit of tonsillectomy

alone

Suggest tonsillectomy should

not be routinely performed,

but there may be benefit when

tonsillectomy is combined

with corticosteroids (and with

recurrent bouts of tonsillitis

and macroscopic hematuria)

Observational studies support

the use of steroids plus cyclo-

phosphamide for crescentic

IgA nephropathy

Suggest the use of steroids

and cyclophosphamide in

rapidly progressive crescentic

IgA nephropathy (as well as

those with rapid deterioration

in GFR without ATN and

with crescents approaching

50 % of glomeruli on biopsy)

Sampling error affects renal

biopsy interpretation

(continued)
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suggested an increased efficacy with shorter-term high-dose therapy compared to

longer-term low-dose therapy [14]. Second, the controversy of using

mycophenolate mofetil can be demonstrated by the different views from the two

commentaries. The US commentary generally agreed with the recommendation not

to use mycophenolate mofetil in patients with IgA nephropathy, but hinted on the

racial differences in the response to mycophenolate mofetil [9]. The benefit of

mycophenolate mofetil in Asian patients, as shown in the reduction of proteinuria, a

decrease in rate of decline in glomerular filtration rate and end-stage renal disease

risk after 6 years of follow-up [15, 16], was acknowledged in the commentary. On

the other hand, the Canadian commentary argued against the use of mycophenolate

mofetil and reminded us the potential toxicity (including severe pneumonia such as

Pneumocystis pneumonia) as observed in observational studies, in line with what

were recommended by the KDIGO guidelines.

14.4 New Literature After Publication of KDIGO

Guidelines

Do we have new data on managing IgA nephropathy after the publication of

KDIGO guidelines? A few clinical trials and updated publications are available.

Table 14.2 (continued)

Commentary source

Critiques, remarks, and

rationale Implication and suggestion

Canadian Society of

Nephrology commentary [10]

Lack of RCT evidence on

blood pressure targets:

opinion-based target of 130/80

versus 125/75 mmHg

A full 6-month trial of corti-

costeroids is not required

prior to determination if the

patient is likely to “respond”

and benefit from

corticosteroids

Benefits of corticosteroids

should be judged at individual

patient level and relative

contraindications

Suggest evaluation of histo-

logic pattern (that predicts

patient response to

corticosteroids)

No comment on recurrent

proteinuria after stopping cor-

ticosteroid therapy (and

adjunctive role of

azathioprine)

Suggest 3 g/day purified

polyunsaturated fatty acid

(as lowest effective dose)

Challenge for individual

patients to meet and maintain

the fish oil formulation target

Abbreviation: ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker,

ATN acute tubular necrosis, ESRD end-stage renal disease, GFR glomerular filtration rate, RCT
randomized controlled trial
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The 2014 blood pressure guidelines from the Eighth Joint National Committee

(JNC 8) deserve discussion. One of their recommendations (with a weak expert

opinion graded E) advises blood pressure goal of 140/90 mmHg in patients aged

18 years or older with chronic kidney disease [17]. This appears to deviate from the

more stringent blood pressure goal listed in KDIGO guidelines on managing IgA

nephropathy (Table 14.1). However, it should be emphasized that, in clinical

practice, the up-titration of ACEI or angiotensin II receptor blocker in patients

with IgA nephropathy is more often driven by the proteinuria reduction need than

the blood pressure lowering need. The pertinent question, in other words, is whether

a stringent blood pressure might confer risk in patients with IgA nephropathy.

New clinical trial is also available on management strategies of early IgA

nephropathy. The KDIGO guidelines did not address the treatment of IgA nephrop-

athy patients with a proteinuria lower than 0.5 g/day, although these patients are

often not treated (and are monitored periodically). The best data now come from a

randomized trial of 60 Chinese patients with IgA nephropathy, protein excretion

less than 0.5 g/day (mean 0.11 g/day), normal blood pressure, and renal function

[18]. They were randomized to ramipril 2.5 mg daily or no treatment for 5 years. No

treatment benefit was reported, in support of a watchful waiting strategy in this

group of early IgA nephropathy patients [18].

Some patients have proteinuria at least 0.75 g/day after renin-angiotensin system

blockade. The Supportive Versus Immunosuppressive Therapy for the Treatment of

Progressive IgA Nephropathy (STOP-IgAN) trial [19] randomized these patients to

supportive care (including a target blood pressure of 125/75 mmHg) and to immu-

nosuppression. The addition of glucocorticoid (with or without cyclophosphamide

and azathioprine) did not significantly improve the renal outcomes [19]. There are

subsets of patients who cannot achieve urinary protein excretion below 1 g/day

despite proper supportive therapy. One approach is focused on further drug treat-

ment aiming at additional antiproteinuric strategies. The results of two open-label

trials of oral vitamin D calcitriol have now provided signals of benefit in addition to

best supportive care (including renin-angiotensin-aldosterone system blockade)

[20, 21].

Another approach, particularly in Japan, is to target tonsils as a source of

abnormal IgA that forms immune complexes and deposits in the glomeruli. The

KDIGO guidelines explicitly advise against the use of tonsillectomy (Table 14.1).

Although randomized trials are lacking, a recent multicenter randomized trial

recruited 80 Japanese patients, who were randomized to receive tonsillectomy

with steroid pulses or steroid pulses alone. They showed nonsignificantly higher

remission rates, defined as proteinuria reduction to below 0.3 g/g creatinine and

hematuria to less than five cells per high-power field, in the tonsillectomy plus

steroid pulse group [22]. This study was limited by the small sample size, limited

statistical power, short duration of follow-up (12 months), patient crossover to

alternative treatment group, addition of ACEI or angiotensin II receptor blocker

during follow-up course, and patient loss (nearly 20 %) [23]. Given the invasive

nature of surgery, an accompanied commentary of the study concluded that data do

not support the contention that tonsillectomy should be used in the absence of clear
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otorhinolaryngological indication [23]. In a recent meta-analysis of tonsillectomy

for IgA nephropathy, it is also suggested that data should be interpreted with

caution, apart from its limited generalizability (when most studies involved

Japanese population) [24].

14.5 Conclusion

Before the availability of new approaches to IgA nephropathy, the current KDIGO

guidelines provide the highest-quality evidence for managing patients with primary

IgA nephropathy. Additional information on management of recurrent IgA

nephropathy (after renal transplantation) and relevance of the guidelines to the

recent Oxford Classification of IgA nephropathy [25] should be sought.
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Chapter 15

Japanese Clinical Practice Guidelines for IgA

Nephropathy: Difference from KDIGO

Guidelines

Kazuo Takahashi, Ryohei Yamamoto, and Yukio Yuzawa

Abstract In Japan, the Progressive Renal Dysfunction Research Group of the

Ministry of Health, Labour and Welfare (MHLW) and the Japanese Society of

Nephrology (JSN) developed the Clinical Practice Guides for Immunoglobulin A

(IgA) Nephropathy (IgAN) for the first time in 1995. Thereafter, they published its

second version in 2002 and third version in 2011. Meanwhile, the Kidney Disease:

Improving Global Outcomes (KDIGO) published the Clinical Practice Guidelines

for Glomerulonephritis in 2011. The Progressive Renal Dysfunction Research

Group of MHLW and JSN developed the Clinical Practice Guidelines for Immu-

noglobulin A Nephropathy 2014 as an evidence-based guideline to make it more

suitable for clinical practice in Japan. In this article, we describe the outlines of the

Japanese guidelines and the differences between the Japanese and KDIGO guide-

lines. These practical guidelines provide evidence-based optimum treatment and

will lead to new clinical trials raised from clinical questions in IgAN.

Keywords IgA nephropathy • Evidence-based clinical practice guidelines •

Clinical questions • Japanese Society of Nephrology (JSN) • The Ministry of

Health, Labour and Welfare (MHLW) of Japan Progressive Renal Diseases

Research Group

15.1 Introduction

Immunoglobulin A (IgA) nephropathy (IgAN) is the most common primary glo-

merulonephritis, and patients typically require dialysis when the disease progresses

to end-stage renal failure. As the incidence of IgAN is high in Asian populations,
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including Japanese, establishing a treatment strategy in Japan is strongly warranted.

In 1995, the joint committee of the Special Study Group of the Progressive Renal

Dysfunction Research Group of the Ministry of Health, Labour and Welfare

(MHLW) and the Japanese Society of Nephrology (JSN) developed the Clinical

Practice Guides for IgAN for the first time. Its second version was published with a

partial amendment in 2002. The third version [1], published in 2011, analyzed data

from a multicenter study conducted mainly by the Research Group for IgAN in the

Progressive Renal Dysfunction Research Group of MHLW to propose a novel

prognostic classification (risk stratification for dialysis), adding clinical severity

to histological severity. These clinical practice guides present clear prognostic

criteria and treatment guidelines according to the criteria. Therefore, these guides

have been widely used in clinical practice or pathological diagnosis, and they have

contributed to the diagnosis and treatment of IgAN in Japan.

Meanwhile, Kidney Disease: Improving Global Outcomes (KDIGO) interna-

tionally published the Clinical Practice Guidelines for Glomerulonephritis in 2011

[2]. Recommendation grades based on the systematic review of clinical studies and

the quality of evidence as a basis for determination of the strength of the recom-

mendations are shown in the KDIGO Clinical Guidelines for Glomerulonephritis.

IgAN is described in Chap. 10. However, careful evaluation was required to verify

whether the KDIGO Clinical Guidelines for Glomerulonephritis was applicable to

the actual clinical situation of IgAN in Japan, because in Japan, IgAN has been

detected in routine checkups in the early stage, prognosis of IgAN has been

classified in many cases according to the third version of the Clinical Guides for

IgAN, and tonsillectomy has been performed in many cases. Therefore, establishing

practice guidelines for IgAN that are adjusted to the situation in Japan is warranted.

Responding to this need, the Progressive Renal Dysfunction Research Group of

MHLW and JSN decided to develop the evidence-based Clinical Guidelines for IgA

Nephropathy 2014. Thus, they established the Clinical Guidelines for IgA

Nephropathy 2014 Advisory Committee (Fig. 15.1). Against this background, the

Clinical Guidelines for IgA Nephropathy 2014 was published [3]. It is the first-ever-

published comprehensive guideline only focusing on IgAN.

15.2 Characteristics of the Japanese Clinical Guidelines

for IgA Nephropathy

The purpose of the Clinical Guidelines for IgA Nephropathy 2014 was to define

evidence-based clinical guidelines that reflect the clinical situation of IgAN in

Japan. This guideline is developed to provide answers to clinical questions (CQs)

that nephrologists may encounter in the clinical practice for the treatment of IgAN.

Each answer is shown as a statement, and recommendation grades based on the

evidence-based levels are noted for each statement in the treatment section

(Table 15.1). It was not aimed at creating an exhaustive textbook but at supporting

clinical decisions by answering questions raised by nephrologists in clinical
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practice and establishing a standard treatment. With the aim of comprehensively

supporting nephrologists in the treatment of IgAN in clinical settings, the Clinical

Guidelines for IgA Nephropathy 2014 Advisory Committee independently evalu-

ated the results of principal randomized parallel-group clinical trials published to

date (Figs. 15.2 and 15.3) and presented the scheme of indications for preventive

intervention of renal dysfunction progression in this guideline (Fig. 15.4). Now, the

indications of therapeutic interventions of IgAN are mainly based on GFR and

urinary protein level in this guideline and also the evidence-based practice

Fig. 15.1 Working group for the development of Clinical Guidelines for IgA Nephropathy,

Progressive Renal Diseases Research by the Japanese Society of Nephrology, and Research on

Intractable Disease by the Ministry of Health, Labour and Welfare of Japan

Table 15.1 Rating description of the guideline recommendations

Recommendation grade

A. Strongly recommended for implementation in routine clinical practice because of sufficient

evidence

B. Recommended for implementation in routine clinical practice because of some evidence

C1. Might be implemented in routine clinical practice despite insufficient evidence

C2. Not recommended for implementation in routine clinical practice because of insufficient

evidence

D. Not recommended for implementation in routine clinical practice because of evidence that it

might be harmful to patients

The current guideline is developed along with the Medical Information Network Distribution

Service, which is the clearinghouse for clinical practice guidelines developed in Japan. Five grades

of recommendations (from A to D) were set based on the agreement among the members of the

working group for the development of clinical guidelines on IgA nephropathy (informal consensus

method)
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guideline for the treatment of chronic kidney disease (CKD) [4]. The Clinical

Guidelines for IgA Nephropathy 2014 also describe the characteristics and treat-

ment of pediatric IgAN.

The Clinical Guidelines for IgA Nephropathy 2014 comprehensively covers the

concept, diagnosis, pathology, epidemiology, and adverse effects of treatment, as

well as the standard treatment of IgAN (Table 15.2), actively presenting the data

obtained from Japanese patients in figures and tables. IgAN can be definitely

diagnosed when kidney biopsy results show IgA deposition within the renal glo-

merular mesangium. However, glomerular IgA deposition can occur in normal

kidneys. Thus, Japanese guidelines define IgAN as follows: IgAN is a disease

characterized by urinary findings suggestive of glomerulonephritis; predominantly,

IgA is deposited in the glomeruli, with no evidence of other underlying diseases.

Glomerular hematuria and proteinuria are urinary findings that suggest

glomerulonephritis.

Pathological lesions which are commonly seen in IgAN are shown in the figure

panels. Differences in pathological classification between the Japanese severity

Fig. 15.4 Outline of the treatment of IgAN in adults, with a focus on the prevention of renal

dysfunction. Others: tonsillectomy (combined with high-dose pulse corticosteroid therapy) and

therapy with nonsteroidal immunosuppressive agents, antiplatelet agents, and n-3 fatty acids (fish

oil). This figure shows the indications for treatment intervention, based mainly on the results

(Figs. 15.2 and 15.3) of RCTs, often focusing on renal function and amount of urinary protein

excreted as patient inclusion/exclusion criteria. In actual clinical practice, besides renal function

and urinary protein level, other factors such as renal histopathological findings and age should also

be considered to carefully decide the indications for these treatment interventions. Hypertension

(CKD Guideline, Chap. 4), salt intake (Chaps. 3 and 4), lipid disorders (Chap. 14), glucose

intolerance (Chap. 9), obesity (Chap. 15), smoking (Chap. 2), anemia (Chap. 7), CKD mineral

and bone disorders (CKD-MBD, Chap. 8), and metabolic acidosis (Chap. 3) should also be

managed as necessary
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Table 15.2 Table of contents of the Japanese Clinical Guidelines for IgA Nephropathy

I. Introduction

1. Definition and background

2. Pathogenesis and pathophysiology

1. Overview

2. Genetics

3. Abnormal IgA molecules

4. Mucosal immunity

5. IgA1 glomerular deposition

6. Glomerular damage

II. Diagnosis

1. Diagnosis

2. Clinical manifestations and laboratory findings

1. Clinical symptoms and physical examination findings

2. Urinalysis findings

3. Blood biochemistry findings

4. Indications for renal biopsy

5. Features of childhood IgA nephropathy

3. Pathological findings

4. Classification

5. Atypical forms of IgA nephropathy

1. Minimal change nephrotic disease (MCD) with mesangial IgA deposits

2. Acute kidney injury (AKI) associated with macroscopic hematuria

3. Crescentic IgA nephropathy

III. Epidemiology, prognosis, and follow-up

1. Incidence and prevalence

2. Natural course

3. Changes in prognosis with changes in treatment guidelines

4. Clinical predictors of progression at the time of initial examination or renal biopsy

5. Clinical predictors of progression during follow-up

6. Remission of urinary findings and its significance

7. Follow-up

IV. Treatment

1. A summary of the management of IgAN in adults, with a focus on prevention of renal

dysfunction

2. Clinical questions (CQs) about immunosuppressive therapy (adults)

CQ1. Are corticosteroids recommended in IgA nephropathy?

CQ2. Is tonsillectomy combined with steroid pulse therapy recommended?

CQ3. Is tonsillectomy (alone) recommended?

CQ4. Are nonsteroidal immunosuppressive agents recommended?

3. CQs about immunosuppressive therapy (children)

CQ1. Is immunosuppressive therapy recommended in childhood IgA nephropathy?

CQ2. Is combination “cocktail” therapy recommended in childhood IgA nephropathy?

4. CQs about supportive therapy (adults)

(continued)
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classification and the Oxford classification are described in detail. The Clinical

Guidelines for IgA Nephropathy 2014 has a supplemental material section that

contains structured abstracts of the clinical trials published to date.

15.3 Summary of the Management of IgA Nephropathy in

Adults, with a Focus on the Prevention of Renal

Dysfunction

In Japan, the major potential treatment modalities for adult IgAN are the use of

renin-angiotensin system (RAS) blockers, corticosteroids, nonsteroidal immuno-

suppressive agents, antiplatelet agents, and n-3 fatty acids (fish oil) and tonsillec-

tomy (with corticosteroid pulse therapy). Based on the results of several

randomized controlled trials (RCTs), we evaluated the reduction of proteinuria

and preservation of kidney function in response to the therapeutic interventions

(Figs. 15.2 and 15.3). Because the entry criteria of the majority of the RCTs

included GFR and urinary protein levels, the indications of these therapeutic

interventions are mainly based on GFR and urinary protein level in this guideline.

Age and renal histological lesions may potentially provide clinically useful infor-

mation on indications of these therapeutic interventions. Interventions to optimize

blood pressure, salt intake, lipid and glucose metabolism, body weight, and

smoking habits should be considered, if necessary (Fig. 15.4).

15.3.1 Adult IgA Nephropathy Patients with CKD Stages
G1–G2 and Urinary Protein Levels >1.0 g/day

The first-line therapy includes RAS blockers and/or corticosteroid therapy. The

second-line therapy includes immunosuppressive agents, antiplatelet agents, ton-

sillectomy (plus high-dose pulse corticosteroids), fish oil, and others.

Table 15.2 (continued)

CQ1. Are RAS blockers recommended in IgA nephropathy?

CQ2. Are antiplatelet agents recommended in IgA nephropathy?

CQ3. Are n-3 fatty acids (fish oil) recommended in IgA nephropathy?

5. CQs about lifestyle and dietary guidance in IgA nephropathy

CQ1. Should limitation of salt intake be recommended?

CQ2. Should restricted protein intake be recommended?

CQ3. Should weight loss be recommended?

CQ4. Should exercise restriction be recommended?

CQ5. Should smoking cessation be recommended?

6. Adverse events associated with steroid therapy and immunosuppressive agents
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These patients are the most common candidates for RCTs and given RAS

blockers (grade A) and corticosteroids (grade B) as first-line therapy. These patients

are predicted to have poor prognosis of renal function. Therefore, active interven-

tion with the first-line therapy should be considered. The second-line therapy

should be considered as a combination therapy with the first-line therapy or if the

first-line therapy is unavailable for some reason.

15.3.2 Adult IgA Nephropathy Patients with CKD Stage G3
and Urinary Protein Levels >1.0 g/day

The first-line therapy includes RAS blockers. The second-line therapy includes

corticosteroid therapy, immunosuppressive agents, antiplatelet agents, tonsillec-

tomy (plus high-dose pulse corticosteroids), fish oil, and others.

These patients are predicted to have extremely poor prognosis of renal function.

Therefore, active intervention with RAS blockers (grade A) as first-line therapy

should be considered. Because the efficacy of corticosteroids has not been exam-

ined in these patients in RCTs, corticosteroids are classified as second-line therapy.

The second-line therapy can be considered as a combination therapy with the first-

line therapy or if the first-line therapy is unavailable for some reason.

15.3.3 Adult IgA Nephropathy Patients with CKD Stages
G1–G3 and Urinary Protein Levels Between 0.50
and 0.99 g/day

We suggest therapeutic interventions as shown in Fig. 15.4 to prevent proteinuria at

urinary protein levels >1.0 g/day, which is closely associated with accelerated

decline in kidney function. Furthermore, urinary protein levels between 0.5 and

0.99 g/day are reportedly a high-risk factor of decline in kidney function.

Currently, the necessity of intervention for patients with IgAN whose urinary

protein levels are between 0.50 and 0.99 g/day is less certain because the clinical

significance for such patients has not been established yet as a predictor of prog-

nosis of renal function and only a few RCTs have been conducted with these

patients. However, some studies reported urinary protein levels of 0.50–0.99 g/

day as a relative prognostic factor of renal function, and progression to proteinuria

at urinary protein levels �1.00 g/day, which is a definite poor prognostic factor of

renal function, should be prevented. Therefore, interventions should be examined in

consideration of benefits and risks.
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15.3.4 Adult IgA Nephropathy Patients with CKD Stages
G1–G2 and Urinary Protein Levels <0.5 g/day

We recommend annual examination of patients because urinary protein levels

<0.5 g/day with preserved renal function carry a favorable impact on long-term

outcome.

The prognosis of renal function in patients with IgAN can be favorable if the

urinary protein level is<0.50 g/day and the CKD stage is G1–G3. However, careful

follow-up is required because gradual increase in proteinuria and decrease in renal

function have been observed in some patients. When any finding indicating poor

prognosis of renal function other than proteinuria/renal function is found on kidney

biopsy or other examinations, intervention should be examined in consideration of

benefits and risks.

15.3.5 Adult IgA Nephropathy Patients with CKD Stages
G3–G5 and Urinary Protein Levels <1.0 g/day

We recommend supportive therapy according to the evidence-based Clinical Prac-

tice Guidelines for CKD 2013 [4].

15.4 How the Japanese Guidelines Differ from the KDIGO

Guidelines

Although both the Japanese Clinical Guidelines for IgA Nephropathy 2014 and

Chap. 10 in the KDIGO Clinical Practice Guidelines for Glomerulonephritis eval-

uated indications for intervention for IgAN based mainly on the results of RCTs,

they have some differences. One of the major differences is the usage of different

criteria to determine the strength of intervention recommendations. The KDIGO

guidelines do not indicate an intervention if its efficacy has not been demonstrated

in RCTs, whereas the Japanese guidelines indicate that such an intervention be used

as second-line therapy if non-RCTs or cohort studies suggested the efficacy of the

intervention.

Another major difference is the strength of the recommendations for RAS

blockers and corticosteroids. The Japanese guidelines position both RAS blockers

and corticosteroids as first-line therapy for IgAN patients with CKD stages G1–G2

and urinary protein levels >1.0 g/day. By contrast, the KDIGO guidelines indicate

corticosteroids for patients with persistent proteinuria at urinary protein levels

�1 g/day despite treatment with RAS blockers, because of a concern about adverse

effects due to corticosteroid administration.
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Tonsillectomy is not recommended for patients with IgAN, unless for tonsil-

related diseases, in the KDIGO guidelines. The Japanese guidelines state that

tonsillectomy combined with steroid pulse therapy may improve urinary findings

in patients with IgAN and lower the progression of renal dysfunction. This may also

Table 15.3 Summary of recommendation grades in the treatment of IgAN (adults)

Immunosuppressive therapy

Corticosteroids

[Recommendation grade B] To control the progression of renal dysfunction in patients with

IgAN with urinary protein levels �1 g/day and CKD stages G1–2, a short course of high-dose

oral steroid therapy (prednisolone at dose of 0.8–1.0 mg/kg for about 2 months, followed by

gradual tapering over about 6 months) is recommended

[Recommendation grade B] To control the progression of renal dysfunction in patients with

IgAN with urinary protein levels �1 g/day and CKD stages G1–2, steroid pulse therapy

(methylprednisolone 1 g for 3 days by infusion [or intravenously] every other month, 3 times +

prednisolone 0.5 mg/kg every other day for 6 months) is recommended

[Recommendation grade C1] Steroid therapy may reduce proteinuria in patients with IgAN

with urinary protein levels of 0.5–1.0 g/day and CKD stages G1–2, and this may also be

considered a treatment option

Tonsillectomy combined with steroid pulse therapy

[Recommendation grade C1] Tonsillectomy combined with steroid pulse therapy may improve

urinary findings in patients with IgAN and inhibit renal dysfunction progression. This may also

be considered a treatment option

Tonsillectomy (alone)

[Recommendation grade C1] Tonsillectomy may improve urinary findings in patients with

IgAN and inhibit the renal dysfunction progression. This may also be considered as a treatment

option

Nonsteroidal immunosuppressive agents

[Recommendation grade C1] Cyclophosphamide, azathioprine, cyclosporine, mycophenolate

mofetil, and mizoribine may improve the renal prognosis in IgAN patients. They may also be

considered treatment options (off-label use)

Supportive therapy

RAS blockers*

[Recommendation grade A] RAS blockers control the progression of renal dysfunction in IgAN

patients with urinary protein levels �1.0 g/day and CKD stages G1–3b; therefore, their use is

recommended

[Recommendation grade C1] RAS blockers may reduce proteinuria in IgAN patients with

urinary protein levels of 0.5–1.0 g/day. They may be considered treatment options

*RAS blockers for IgAN patients without hypertension have off-label use in Japan

Antiplatelet agents

[Recommendation grade C1] Dipyridamole may be effective in reducing proteinuria and

controlling the progression of renal dysfunction. This may be considered as a treatment option

[Recommendation grade C1] Dilazep hydrochloride (dilazep) may be effective in reducing

proteinuria, and it may be considered as a treatment option

n-3 fatty acids (fish oil)

[Recommendation grade C1] n-3 fatty acids (fish oil) may improve renal prognosis in IgAN

patients. They may be considered as a treatment option
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be considered a treatment option, as the RCT conducted by the Progressive Renal

Dysfunction Research Group of the MHLW reported that tonsillectomy combined

with steroid pulse therapy was found to be more effective than steroid pulse therapy

alone in reducing urinary protein [5]. To establish more amount of substantial

evidence, the superiority of tonsillectomy combined with steroid pulse therapy

should be further investigated. No RCT of tonsillectomy alone has been conducted.

Previous studies may have shown the long-term efficacy of tonsillectomy in cases

of IgAN. Therefore, according to the current clinical practices in Japan, tonsillec-

tomy alone may also be considered as a treatment option.

15.5 Summary of the Guidelines

We summarize the recommendation grades of the Japanese guidelines in Table 15.3.

The Clinical Guidelines for IgA Nephropathy 2014 was developed in accordance

with the Japanese clinical practice for the treatment of IgAN. Publishing a com-

prehensive practice guideline suitable for Japanese clinical practice may provide an

optimum treatment and encourage new clinical trials based on clinical questions.

Acknowledgment This study was supported in part by a Grant-in-Aid for Progressive Renal

Diseases Research and Research on Rare and Intractable Disease, from the Ministry of Health,

Labour and Welfare of Japan. We appreciate all of the members in the working group for

developing guidelines for their great effort and help.

Conflict of Interest The authors declare that they have no conflict of interest.

References

1. Japanese Society of Nephrology. Clinical guides for immunoglobulin A (IgA) nephropathy in

Japan, third version. Nihon Jinzo Gakkai shi. 2011;53(2):123–35.

2. KDIGO Clinical Practice Guideline for Glomerulonephritis. Chapter 10: immunoglobulin

A nephropathy. Kidney Int Suppl. 2012;2(2):209–17.

3. Japanese Society of Nephrology. JSN and MHWL clinical practice guidelines for IgA nephrop-

athy 2014. Nihon Jinzo Gakkai shi. 2015;57(1):5–137.

4. Japanese Society of Nephrology. Special issue: evidence-based practice guideline for the

treatment of CKD. Nihon Jinzo Gakkai shi. 2013;55(5):585–860.

5. Kawamura T, Yoshimura M,Miyazaki Y, Okamoto H, Kimura K, Hirano K, et al. A multicenter

randomized controlled trial of tonsillectomy combined with steroid pulse therapy in patients

with immunoglobulin A nephropathy. Nephrol Dial Transplant. 2014;29(8):1546–53.

262 K. Takahashi et al.



Chapter 16

Limitations of RAS Blockade in IgA

Nephropathy

Ryohei Yamamoto

Abstract In KDIGO guideline and Japanese guidelines published recently, the

renin-angiotensin system (RAS) blockade by angiotensin-converting enzyme inhib-

itors (ACEIs) and angiotensin receptor blockers (ARBs) was regarded as the major

therapeutic modality of IgA nephropathy (IgAN) with higher evidence level,

compared with other modalities including corticosteroids. Multiple randomized

controlled trials (RCTs) demonstrated antiproteinuric efficacy of RAS blockade

in IgAN patients. However, only a limited number of RCTs with the longer follow-

up period reported that RAS blockade improved the renal prognosis of IgAN

patients with urinary protein �1 g/day, who were at high risk of end-stage kidney

disease. Besides a lack of evidence to understand the magnitude of benefit and the

possible risk of RAS blockade, some questions remain to be examined. First, it is

uncertain whether renal histological lesions affect renoprotective effects of RAS

blockade. Second, the target level of urinary protein after RAS blockade is

unknown. Third, RAS blockade is contraindicated in pregnant women. RAS block-

ade is the first-line therapeutic modality. In spite of the first-line therapeutic

modality of IgAN, further studies are essential to elucidate the magnitude of benefit

and the potential risk of RAS blockade in IgAN patients with a wide range of

clinical characteristics.

Keywords Angiotensin-converting enzyme inhibitor (ACEI) • Angiotensin

receptor blocker (ARB) • Renal histology • Target level of urinary protein •

Pregnancy

16.1 Introduction

Renin-angiotensin system (RAS) blockade by angiotensin-converting enzyme

inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) is now regarded as

a first-line therapeutic modality in patients with IgA nephropathy (IgAN) [1–

3]. Two systematic reviews published in 2009 [4] and 2011 [5], including 11 and

30 randomized controlled trials (RCTs), respectively, showed RAS blockade
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decrease urinary protein in IgAN patients and suggested its renoprotective effect on

IgAN. Based on the current cumulative evidence, Kidney Disease: Improving

Global Outcomes (KDIGO) published the Clinical Practice Guideline for Glomer-

ulonephritis in 2012, including Chap. 10: Immunoglobulin A Nephropathy [1]. The

Japanese Society of Nephrology (JSN) independently published Evidence-Based

Clinical Practice Guideline for CKD 2013, including Chap. 10: Immunoglobulin A

Nephropathy [6], and Clinical Practice Guidelines for IgA Nephropathy 2014 [7],

which reflected the practice patterns of IgAN in Japan.

Although these IgAN guidelines stated that RAS blockade was investigated most

extensively and had the highest quality of evidence among therapeutic modalities of

IgAN (Tables 16.1 and 16.2), more and better evidence is essential to understand

the magnitude of benefit and the possible risk and which specific types of IgAN

patients might have the greatest potential for benefit. This review, first, summarizes

the cumulative evidence of RCTs assessing efficacy of RAS blockade in IgAN

patients and, second, discusses several clinical questions to be addressed.

16.2 RAS Blockade in IgA Nephropathy Patients

in KDIGO Guideline and Japanese Guidelines

In KDIGO Clinical Practice Guideline for Glomerulonephritis, strength of recom-

mendation of RAS blockade is different between IgAN patients with proteinuria

>1 g/day and those with proteinuria<1 g/day. KDIGO guideline recommends RAS
blockade in IgAN patients with proteinuria >1 g/day (statement 10.2.1, grade 1B),

whereas it suggests RAS blockade in those with proteinuria between 0.5 and 1 g/

day (statement 10.2.2, grade 2D) (Table 16.1). The rationales for the different

strength of recommendation on RAS blockade are, first, that moderate-quality

evidence identified proteinuria >1 g/day as a risk factor of accelerated decline in

GFR [8] and, second, that the majority of randomized trials using ACEI or ARB

recruited IgAN patients mainly with proteinuria >1 g/day (Tables 16.3a, 16.3b,

16.3c, 16.3d, 16.4a, 16.4b, 16.4c, 16.4d, 16.5a, 16.5b, 16.5c, and 16.5d). Interest-

ingly, KDIGO guideline suggests IgAN patients with persistent proteinuria �1 g/

day, despite 3–6 months of optimized supportive care (including ACEIs or ARBs

and blood pressure control), and GFR >50 mL/min per 1.73 m2, receive a 6-month

course of corticosteroid therapy (statement 10.3.1, grade 2C). As an initial therapy

in IgAN patients with proteinuria �1 g/day, RAS blockade takes priority over

corticosteroid therapy.

Two Japanese guidelines, Evidence-Based Clinical Practice Guideline for CKD

2013 and Evidence-Based Clinical Practice Guideline for IgA Nephropathy 2014,

have a similar difference in strength of recommendation for RAS blockade in

different clinical characteristics of IgAN patients. The guidelines recommend

RAS blockade for IgAN patients with proteinuria �1 g/day and eGFR �30 mL/

min per 1.73 m2 (grade A) and suggest RAS blockade for IgAN patients with
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proteinuria between 0.5 and 1.0 g/day and eGFR �60 mL/min per 1.73 m2 (grade

C1). Contrary to the KDIGO guideline, Japanese guidelines give no priority to RAS

blockade over corticosteroid therapy except recommendation grade.

Table 16.1 RAS blockade and use of corticosteroids in IgAN patients in KDIGO clinical

guideline for glomerulonephritis [1]

Chapter Recommendation statement Grade

10.2 Antiproteinuric and antihypertensive therapy

10.2.1 We recommend long-term ACEI or ARB treatment when proteinuria is

>1 g/day, with up-titration of the drug depending on blood pressure

1B

10.2.2 We suggest ACEI or ARB treatment if proteinuria is between 0.5 and 1 g/

day (in children, between 0.5 and 1 g/day per 1.73 m2)

2D

10.3.3 We suggest the ACEI or ARB be titrated upward as far as tolerated to

achieve proteinuria <1 g/day

2C

10.3.4 In IgAN, use blood pressure treatment goals of <130/80 mmHg in patients

with proteinuria <1 g/day and <125/75 mmHg when initial proteinuria is

>1 g/day

Not

graded

10.3 Corticosteroids

10.3.1 We suggest that patients with persistent proteinuria �1 g/day, despite

3–6 months of optimized supportive care (including ACEI or ARBs and

blood pressure control) and GFR >50 mL/min per 1.73 m2, receive a

6-month course of corticosteroid therapy

2C

(1) Strength of recommendation: grade 1–2

Grade 1, “we recommend”

– Implications for clinicians: Most patients should receive the recommended course of action

– Implications for patients: Most people in your situation would want the recommended course

of action and only a small proportion would not

– Implications for policy: The recommendation can be evaluated as a candidate for developing a

policy or a performance measure

Grade 2, “we suggest”

– Implications for clinicians: The majority of people in your situation would want the

recommended course of action, but many would not

– Implications for patients: Different choices will be appropriate for different patients. Each

patient needs help to arrive at a management decision consistent with her or his values and

preferences

– Implications for policy: The recommendation is likely to require substantial debate and

involvement of stakeholders before policy can be determined

(2) Quality of evidence: grade A–D

Grade A, “high”

– We are confident that the true effect lies close to that of the estimate of the effect

Grade B, “moderate”

– The true effect is likely to be close to the estimate of the effect, but there is a possibility that it

is substantially different

Grade C, “low”

– The true effect may be substantially different from the estimate of the effect

Grade D, “very low”

– The estimate of effect is very uncertain and often will be far from the truth

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, GFR glomer-

ular filtration rate, IgAN IgA nephropathy, KDIGO kidney disease: improving global outcomes,

RAS renin-angiotensin system
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16.3 Randomized Controlled Trials Assessing Efficacy

of RAS Blockade in IgA Nephropathy Patients

The current cumulative evidence supporting these guidelines is reviewed in

this section. I searched MEDLINE via PubMed until May 2015 for randomized

controlled trials enrolling IgAN patients. After excluding non-RCT studies and

RCTs published in non-English languages, we retrieved 84 RCTs, including

22 RCTs assessing efficacy of RAS blockade in IgAN. Their details are described

below.

Table 16.2 RAS blockade and use of corticosteroids in IgAN patients in Japanese Evidence-

Based Clinical Practice Guideline for CKD 2013 [6, 56] and IgAN 2014

No Clinical questions and statements Grade

2 Are RAS inhibitors recommended for decreasing urinary protein and preserving

renal function in patients with IgAN?

We recommend treatment with RAS inhibitors for patients with proteinuria �1 g/

day and eGFR �30 mL/min/1.73 m2 (CKD G1 to G3b) because of their effect of

preservation of renal function

A

We suggest treatment with RAS inhibitors if proteinuria is between 0.5 and 1.0 g/

day because of their antiproteinuric effect

C1

3 Are corticosteroids recommended for decreasing urinary protein and preserving

renal function in patients with IgAN?

We recommend that patients with proteinuria �1 g/day and eGFR �60 mL/min/

1.73 m2 (CKD G1 to G2) receive a 6-month course of high-dose oral corticoste-

roids therapy (6-month regime of oral prednisone starting with 0.8–1 mg/kg/day

for 2 months and then reduced gradually for the next 4 months)

B

We recommend that patients with proteinuria �1 g/day and eGFR �60 mL/min/

1.73 m2 (CKD G1 to G2) receive high-dose pulse corticosteroids therapy

(i.v. bolus injections of 1 g methylprednisolone for 3 days each at months 1, 3, and

5, followed by 0.5 mg/kg oral prednisone on alternate days for 6 months)

B

We tentatively suggest using corticosteroids for patients with proteinuria less than

1 g/day and eGFR �60 mL/min/1.73 m2 (CKD G1 to G2) because of their

antiproteinuric effect

C1

Strength of recommendation: grade A–D

Grade A, strongly recommended because the scientific basis is strong

Grade B, recommended because there is some scientific basis

Grade C1, recommended despite having only a weak scientific basis

Grade C2, not recommended because there is only a weak scientific basis

Grade D, not recommended because scientific evidence shows the treatment to be ineffective or

harmful

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, IgAN IgA

nephropathy, RAS renin-angiotensin system
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Table 16.5a Study protocols of RCTs assessing efficacy of ACEI and/or ARB vs. no RAS

blockade in IgAN patients

Author

year Interventions, dose Duration Age BP

Renal function

and UP Histology

Parallel group trials

Woo

2007

[23]

Enalapril

(�10 mg) and/or

losartan

(�100 mg)

5 years ND Hypertension SCr >1.6 mg/

dL

ND

No RAS blockade Systolic BP

�210 mmHg

or SCr

�1.6 mg/dL

and UP�1.0 g/

day

Woo

2000

[24]

Enalapril

(�10 mg) and/or

losartan

(�100 mg)

ND ND ND SCr 1.4–5.0 mg/

dL

ND

No RAS blockade or SCr

<1.4 mg/dL

and UP�1.0 g/

day

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, BP blood

pressure. GFR glomerular filtration rate, IgAN IgA nephropathy, RAS renin-angiotensin system,

RCT randomized controlled trial, SCr serum creatinine, UP urinary protein

Table 16.5b Baseline characteristics of IgAN patients included in RCTs assessing efficacy of

ACEI and/or ARB vs. no RAS blockade

Author

year Interventions N

Age SBP/DBP SCr GFR UP

(Year) (mmHg)C (mg/dL) (mL/min) (g/day)

Parallel group trials

Woo

2007 [23]

Enalapril and/or

losartan

37 36� 11 135� 12/

85� 7

1.6� 0.4 ND 2.1� 0.8

No RAS

blockade

38 34� 11 132� 12/

86� 6

1.5� 0.4 2.3� 1.6

Woo

2000 [24]

Enalapril and/or

losartan

21 39� 10 ND 2.0� 0.8 ND 2.2� 1.2

No RAS

blockade

20 37� 6 1.8� 0.8 2.1� 1.1

Mean � SD

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, BP blood

pressure, DBP diastolic blood pressure, GFR glomerular filtration rate, IgAN IgA nephropathy,

RAS renin-angiotensin system, RCT randomized controlled trial, SBP systolic blood pressure, SCr
serum creatinine, UP urinary protein
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16.3.1 Efficacy of ACEI vs. No RAS Blockade in Randomized
Controlled Trials

Tables 16.3a, 16.3b, 16.3c, and 16.3d listed nine randomized controlled trials [9–

17], which assessed efficacy of ACEI compared with no RAS blockade in IgAN

patients. Among seven parallel group trials [9–15] and two crossover trials [16, 17],

three [11, 13, 15] and one [16] trial(s) were placebo-controlled trials, respectively.

Two trials reported the subgroup analysis of IgAN patients [13, 17].

A Spanish group reported an open-label randomized trial in a single hospital

with the longest observational period of 76� 36 (range 29–120) months. They

enrolled 44 IgAN patients with mainly CKD stage G1-2 and 1–3 g/day of urinary

protein. They demonstrated that significantly lower incidence rate of 50 % increase

of serum creatinine level in 23 patients with enalapril (n¼ 3), compared with

21 patients without RAS blockade (n¼ 12). They also showed that significantly

higher creatinine clearance and lower urinary protein at the end of follow-up in the

enalapril group, compared with RAS blockade group (creatinine clearance

[mL/min] of enalapril group vs. no RAS blockade group, 95� 30 vs. 64� 31;

urinary protein [g/day], 0.9� 1 vs. 2� 1.8).

A Chinese group reported the second longest trial with a 60-month observational

period at a single Chinese hospital [10]. Contrary to the Spanish study [9], they

enrolled 60 patients with <0.5 g/day of urinary protein, who were at lower risk of

poor renal prognosis. Between the ramipril group and the no-treatment group,

eGFR at the end of observation and incidence of urinary protein �1 g/day were

comparable. This study suggested IgAN patients with <0.5 g/day had no obvious

benefit of ramipril.

IgA Nephropathy and ACE Inhibitors (IgACE) trial is a multicenter, random-

ized, double-blind, placebo-controlled trial at 23 hospitals in Italy, France, Ger-

many, Sweden, and Portugal. The IgACE trial included 64 IgAN patients aged

9–35 years with 1.0–3.5 g/day of urinary protein and eGFR >50 mL/min/1.73 m2

[11]. Although the study was planned to enroll 122 patients, Coppo et al. reported a

preliminary result after enrolling 66 patients. Compared with the placebo group

(n¼ 34), the benazepril group (n¼ 32) had significantly higher creatinine clearance

and lower urinary protein at the end of median 38 months of the observation period

(creatinine clearance, 124.0� 31 vs. 109.3� 29.8 mL/min per 1.73 m2; urinary

protein 0.94� 0.98 vs. 1.80� 1.34 g/day per 1.73 m2).

Other trials with the shorter observational period did not show an obvious

renoprotective effect of ACEIs, probably because of a shorter observational period.

Some trials show significant reduction of urinary protein in the ACEI group.
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16.3.2 Efficacy of ARB vs. No RAS Blockade in Randomized
Controlled Trials

Efficacy of ARB vs. no RAS blockade was examined in six parallel group trials

[15, 18–22], including two placebo-controlled trials (Tables 16.4a, 16.4b, 16.4c,

and 16.4d) [15, 18]. The longest observational period of ARB trials was 2 years,

much shorter than ACEI trials, suggesting that these studies were remarkably

underpowered to examine renoprotective effect of ARB.

Hong Kong study using valsartan in IgA nephropathy (HKVIN), the longest

trial, enrolled 109 IgAN patients with (1) serum creatinine <2.8 mg/dL and urinary

protein �1.0 g/day or (2) serum creatinine 1.4–2.8 mg/dL [18]. The incidence of

100 % increase of serum creatinine level (N¼ 1 and four in the valsartan group and

placebo group, respectively) and GFR at the end of the observation (72.36� 34.20

vs. 63.39� 34.79 mL/min per 1.73 m2) were not significantly different, but a linear

mixed model adjusting for average blood pressure and urinary protein suggested

that decrease in eGFR was significantly different between the valsartan group and

the placebo group. In contrast, a significant decrease in urinary protein was

observed in the valsartan group, compared with the placebo group.

A Japanese trial by Horita et al. examined a renoprotective effect of losartan in

patients with prednisolone. During the 2-year observational period, four patients

without losartan developed 50 % increase in serum creatinine level, whereas no

patients with losartan did (P< 0.001 for Fisher’s exact test), despite an obviously

underpowered comparison. An antiproteinuric effect of losartan was observed,

contrary to the HKVIN trial.

Other four trials did not show significant differences of GFR and urinary protein

except a significant decrease in urinary protein in the candesartan group, compared

with the verapamil group, in a Japanese trial.

16.3.3 Efficacy of ACEI and/or ARB vs. No RAS Blockade
in Randomized Controlled Trials

A Singaporean trial, including 75 IgAN patient with (1) serum creatinine >1.6 mg/

dL or (2) serum creatinine <1.4 mg/dL and urinary protein �1.0 g/day, demon-

strated that RAS blockade using enalapril and/or losartan suppressed the incidences

of ESKD and �100 % and �50 % increase of serum creatinine level during the

5-year observational period [23]. The trial also showed antiproteinuric effect of

RAS blockade. The same study group reported an antiproteinuric effect of RAS

blockade in another previous 1-year trial [24].
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16.3.4 Efficacy of ACEI vs. ARB in Randomized Controlled
Trials

Efficacy of ACEI vs. ARB was assessed in five parallel group trials [15, 25–28],

including one placebo-controlled trial [15] and one crossover trial (Tables 16.6a,

16.6b, 16.6c, and 16.6d) [29]. A Singaporean trial, the largest trial of RAS blockade

in IgAN patients ever reported, assigned 210 IgAN patients with CKD stage

3 and/or urinary protein�1 g/day into 6-year treatments of normal dose of enalapril

(20 mg), low dose of enalapril (10 mg), high dose of losartan (200 mg), or normal

dose of losartan (100 mg) [25]. After the 6-year treatment, eCcr was highest and a

GFR decrease was lowest in the high-dose losartan group, whereas eCcr and its

decrease were comparable between normal-dose enalapril (20 mg) and losartan

(100 mg) (normal-dose enalapril vs. losartan; eCcr 41.3� 27.9 vs. 40.2� 27.6 mL/

min; eCcr decrease 3.5� 3.3 vs. 3.5� 3.2 mL/min per year). However, a

conflicting result was observed in the incidence of ESKD, which was highest in

the normal-dose ACEI. Similar to the results of eCcr, urinary protein was lowest in

high-dose losartan group and comparable between normal-dose enalapril and

losartan.

Five other short trials of the �6-month observational period reported that GFR

and urinary protein were comparable between ACEI and ARB group.

16.3.5 Efficacy of Dual vs. Single Blockade in Randomized
Controlled Trials

Efficacy of dual vs. single blockade was assessed in two parallel group trials

[26, 27] and two crossover trials [29, 30], including a subgroup analysis of IgAN

patients in a placebo-controlled trial [30] (Tables 16.7a, 16.7b, 16.7c, and 16.7d).

All trials demonstrated an antiproteinuric effect of dual RAS blockade, compared

with single blockade. However, the follow-up period of these trials was�6 months,

indicating that the trials were obviously underpowered to assess a renoprotective

effect of RAS blockade on GFR.

16.4 Histological Lesions and Renoprotective Effect

of RAS Blockade

Along with GFR, urinary protein, and blood pressure, renal histological lesions is

one of the major renal prognostic factors of IgAN. Probably because of no standard

renal histological classification of IgAN before Oxford classification published on

2009 [31, 32], only a single trial included renal histological lesions as one of entry

284 R. Yamamoto



T
a
b
le

1
6
.6
a

S
tu
d
y
p
ro
to
co
ls
o
f
R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
A
C
E
I
v
s.
A
R
B
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s,
d
o
se

D
u
ra
ti
o
n

A
g
e

B
P

R
en
al

fu
n
ct
io
n

U
P

H
is
to
lo
g
y

(g
/d
ay
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

W
o
o
2
0
0
9
[2
5
]

E
n
al
ap
ri
l
(2
0
m
g
)

6
y
ea
rs

N
D

N
D

C
K
D
st
ag
e
3
o
r
U
P

�1
g
/

d
ay

N
D

E
n
al
ap
ri
l
(1
0
m
g
)

L
o
sa
rt
an

(2
0
0
m
g
)

L
o
sa
rt
an

(1
0
0
m
g
)

H
o
ri
ta

2
0
0
4
[2
6
]

T
em

o
ca
p
ri
l
(1

m
g
)
þ

L
o
sa
rt
an

(1
2
.5

m
g
)

6
m
o
n
th
s

N
D

N
o
rm

al
b
lo
o
d

p
re
ss
u
re

eC
cr

>
5
0
m
L
/m

in
/

1
.7
3
m

2
�0

.4
N
D

T
em

o
ca
p
ri
l
(1

m
g
)

(B
P
<
1
4
0
/

9
0
m
m
H
g
)

L
o
sa
rt
an

(1
2
.5

m
g
)

N
ak
am

u
ra

2
0
0
0

[1
5
]

T
ra
n
d
o
la
p
ri
l
(2

m
g
)

3
m
o
n
th
s

N
D

N
o
rm

al
b
lo
o
d

p
re
ss
u
re

C
cr

>
8
0
m
L
/m

in
/

1
.7
3
m

2
�3

.0
N
D

C
an
d
es
ar
ta
n
(8

m
g
)

(B
P
<
1
4
0
/

9
0
m
m
H
g
)

V
er
ap
am

il
(1
2
0
m
g
)

P
la
ce
b
o

N
ak
am

u
ra

2
0
0
7

[2
7
]

T
em

o
ca
p
ri
l
(2

m
g
)
þ

O
lm

es
ar
ta
n

(1
0
m
g
)

3
m
o
n
th
s

N
D

N
o
rm

al
b
lo
o
d

p
re
ss
u
re

N
D

N
D

N
D

T
em

o
ca
p
ri
l
(2

m
g
)

(B
P
<
1
4
0
/

9
0
m
m
H
g
)

O
lm

es
ar
ta
n
(1
0
m
g
)

P
er
ic
o
1
9
9
8
[2
8
]

E
n
al
ap
ri
l
(2
0
m
g
)

4
w
ee
k
s

2
0
–
6
5
y
ea
rs

N
D

S
C
r
<
2
.5

m
g
/d
L

0
.5
–
4
.0

N
D

Ir
b
es
ar
ta
n
(1
0
0
m
g
)

C
ro
ss
o
v
er

tr
ia
ls

R
u
ss
o
2
0
0
1
[2
9
]

E
n
al
ap
ri
l
(�

2
0
m
g
)
þ

L
o
sa
rt
an

(�
1
0
0
m
g
)

8
w
ee
k
s

N
D

N
o
rm

al
b
lo
o
d

p
re
ss
u
re

C
cr

>
9
0
m
L
/m

in
/

1
.7
3
m

2
1
.0
–
3
.0

N
D

E
n
al
ap
ri
l
(�

2
0
m
g
)

(B
P
<
1
4
0
/

9
0
m
m
H
g
)

L
o
sa
rt
an

(�
1
0
0
m
g
)

A
C
E
I
an
g
io
te
n
si
n
-c
o
n
v
er
ti
n
g
en
zy
m
e
in
h
ib
it
o
r,
B
P
b
lo
o
d
p
re
ss
u
re
,
C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
C
K
D

ch
ro
n
ic

k
id
n
ey

d
is
ea
se
,
eC

cr
es
ti
m
at
ed

C
cr
,
N
D

n
o
t

d
es
cr
ib
ed
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
SC

r
se
ru
m

cr
ea
ti
n
in
e,
U
P
u
ri
n
ar
y
p
ro
te
in

16 Limitations of RAS Blockade in IgA Nephropathy 285



T
a
b
le

1
6
.6
b

B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
o
f
Ig
A
N
p
at
ie
n
ts
in
cl
u
d
ed

in
R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
A
C
E
I
v
s.
A
R
B
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N

A
g
e

S
B
P
/D
B
P
o
r
M
A
P

S
C
r

G
F
R

U
P

H
is
to
lo
g
y

(Y
ea
r)

(m
m
H
g
)

(m
g
/d
L
)

(m
L
/m

in
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

W
o
o
2
0
0
9
[2
5
]

E
n
al
ap
ri
l
(2
0
m
g
)

6
3

3
2
�
1
0
a

1
3
4
�
1
1
/8
3
�
7

N
D

eC
cr

6
2
�
2
0
.8

2
.2
�
1
.6

3
it
em

s

E
n
al
ap
ri
l
(1
0
m
g
)

4
3

3
4
�
1
1
a

1
3
2
�
1
2
/8
6
�
5

6
0
.9
�
1
9
.8

2
.3
�
1
.5

L
o
sa
rt
an

(2
0
0
m
g
)

6
1

3
4
�
1
0
a

1
3
2
�
1
2
/8
4
�
7

6
3
.5
�
2
4
.2

2
.2
�
0
.9

L
o
sa
rt
an

(1
0
0
m
g
)

4
0

3
2
�
1
2
a

1
3
2
�
1
2
/8
5
�
7

6
1
.2
�
1
8
.4

2
.0
�
0
.9

H
o
ri
ta

2
0
0
4
[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

3
9
.6
�
1
0
.4

1
2
1
�
9
/7
3
�
1
1

0
.8
3
�
0
.1
9

eC
cr

9
1
.5
�
2
4
.6

p
er

1
.7
3
m

2
0
.7
5
�
0
.3
0
g
/

d
ay

9
se
m
iq
u
an
ti
ta
ti
v
e

sc
o
re

T
em

o
ca
p
ri
l

1
0

3
9
.6
�
1
0
.8

1
2
1
�
8
/7
8
�
8

0
.8
5
�
0
.2
1

9
2
.5
�
1
7
.2

0
.7
3
�
0
.3
6

L
o
sa
rt
an

1
0

4
2
.7
�
1
2
.0

1
2
4
�
5
/8
0
�
5

0
.8
8
�
0
.1
7

8
8
.3
�
1
9
.8

0
.8
1
�
0
.4
4

N
ak
am

u
ra

2
0
0
0

[1
5
]

T
ra
n
d
o
la
p
ri
l

8
3
2
.6

[1
8
–
5
4
]

1
1
8
�
1
4
/8
0
�
6

0
.8
�
0
.2

C
cr

1
0
8
�
1
6
p
er

1
.7
3
m

2
1
.9
�
0
.7

g
/d
ay

N
D

C
an
d
es
ar
ta
n

8
1
1
8
�
1
6
/7
8
�
6

0
.7
�
0
.2

1
1
2
�
1
4

1
.8
�
0
.8

V
er
ap
am

il
8

1
1
6
�
1
2
/8
2
�
8

0
.9
�
0
.2

1
1
0
�
1
2

1
.8
�
0
.6

P
la
ce
b
o

8
1
2
0
�
1
2
/8
0
�
8

0
.8
�
0
.2

1
1
2
�
1
2

1
.6
�
0
.6

N
ak
am

u
ra

2
0
0
7

[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
1
�
7

1
1
6
�
1
0
/6
8
�
9

1
.1
�
0
.2

C
cr

8
6
.8
�
3
0
.0

1
.9
�
0
.5

g
/d
ay

M
o
d
ifi
ed

N
IH

sc
o
re

[6
1
]

T
em

o
ca
p
ri
l

8
3
1
�
8

1
1
7
�
5
/6
8
�
6

1
.1
�
0
.2

9
0
.6
�
2
8
.4

2
.0
�
0
.5

O
lm

es
ar
ta
n

8
3
4
�
7

1
1
9
�
6
/7
0
�
5

1
.0
�
0
.3

9
0
.2
�
2
2
.0

2
.0
�
0
.6

P
er
ic
o
1
9
9
8
[2
8
]

E
n
al
ap
ri
l

1
1

3
1
b

[2
0
–
5
4
]

1
3
6
�
1
3
/8
2
�
1
2

1
.2
2
b

[0
.9
–
2
.1
4
]

C
in

6
3
�
2
3
p
er

1
.7
3
m

2
1
.4
4
�
1
.1
0
g
/

d
ay

N
D

Ir
b
es
ar
ta
n

9
4
6
b

[3
4
–
6
5
]

1
5
2
�
1
4
*
/9
2
�
9
*

1
.3
6
b

[0
.8
6
–
2
.4
3
]

5
6
�
1
8

2
.4
8
�
2
.0
2

C
ro
ss
o
v
er

tr
ia
ls

R
u
ss
o
2
0
0
1
[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

2
5
.0
�
5
.7

c
1
1
8
.5
�
1
1
.7
c
/

7
5
.9
�
5
.7

c
N
D

C
cr

1
0
9
.6
�
2
6
.6

c
p
er

1
.7
3
m

2
1
.5
2
�
1
.1
7
c

g
/d

N
D

E
n
al
ap
ri
l

L
o
sa
rt
an

M
ea
n
�

S
D
,
[r
an
g
e]

A
C
E
I
an
g
io
te
n
si
n
-c
o
n
v
er
ti
n
g
en
zy
m
e
in
h
ib
it
o
r,
C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
C
in

in
u
li
n
cl
ea
ra
n
ce
,
D
B
P
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
,
eC

cr
es
ti
m
at
ed

C
cr
,
M
A
P
m
ea
n

ar
te
ri
al

p
re
ss
u
re
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
SB

P
sy
st
o
li
c
b
lo
o
d
p
re
ss
u
re
,
SC

r
se
ru
m

cr
ea
ti
n
in
e,
U
P
u
ri
n
ar
y
p
ro
te
in

*
P
<
0
.0
5
v
s.
A
C
E
I
in
te
rv
en
ti
o
n

a
A
t
k
id
n
ey

b
io
p
sy

b
M
ed
ia
n

c
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

286 R. Yamamoto



T
a
b
le

1
6
.6
c

O
u
tc
o
m
es

o
f
re
n
al

fu
n
ct
io
n
in

R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
A
C
E
I
v
s.
A
R
B
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N
F
o
ll
o
w
-u
p

E
S
K
D

Δ
S
C
r

�1
0
0
%

Δ
S
C
r

�5
0
%

S
C
r
at

la
st
v
is
it

G
F
R
at

la
st
v
is
it

Δ
G
F
R

(N
)

(N
)

(N
)

(m
g
/d
L
)

(m
L
/m

in
)

(m
L
/m

in
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

W
o
o
2
0
0
9
[2
5
]

E
n
al
ap
ri
l
(2
0
m
g
)

6
3

7
4
�
2
m
o
n
th
s

1
9

N
D

N
D

N
D

eC
cr

4
1
.3
�
2
7
.9

3
.5
�
3
.3

p
er

y
ea
r

E
n
al
ap
ri
l
(1
0
m
g
)

4
3

7
5
�
2

9
4
2
.3
�
2
6
.6

3
.2
�
2
.6

L
o
sa
rt
an

(2
0
0
m
g
)

6
1

7
5
�
3

7
5
9
.1
�
3
1
.8
*

0
.7
�
3
.1
*

L
o
sa
rt
an

(1
0
0
m
g
)

4
0

7
4
�
3

9
4
0
.2
�
2
7
.6

3
.5
�
3
.2

H
o
ri
ta

2
0
0
4

[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

6
m
o
n
th
s

N
D

N
D

N
D

0
.9
1
�
0
.2
3

eC
cr

8
5
.7
�
2
9
.1

p
er

1
.7
3
m

2
N
D

T
em

o
ca
p
ri
l

1
0

0
.8
9
�
0
.2
2

8
7
.5
�
1
7
.9

L
o
sa
rt
an

1
0

0
.9
2
�
0
.2
3

8
5
.8
�
2
0
.7

N
ak
am

u
ra

2
0
0
0
[1
5
]

T
ra
n
d
o
la
p
ri
l

8
3
m
o
n
th
s

N
D

N
D

N
D

0
.8
�
0
.3

C
cr

1
1
0
�
1
4
p
er

1
.7
3
m

2
N
D

C
an
d
es
ar
ta
n

8
0
.8
�
0
.2

1
1
0
�
1
6

V
er
ap
am

il
8

0
.8
�
0
.2

1
0
6
�
1
4

P
la
ce
b
o

8
0
.8
�
0
.3

1
1
0
�
1
2

N
ak
am

u
ra

2
0
0
7
[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
m
o
n
th
s

N
D

N
D

N
D

N
D

N
D

N
D

T
em

o
ca
p
ri
l

8

O
lm

es
ar
ta
n

8

P
er
ic
o
1
9
9
8

[2
8
]

E
n
al
ap
ri
l

1
1
9

4
w
ee
k
s

N
D

N
D

N
D

N
D

C
in

6
5
�
2
5
p
er

1
.7
3
m

2
N
D

Ir
b
es
ar
ta
n

5
5
�
1
1

(c
o
n
ti
n
u
ed
)

16 Limitations of RAS Blockade in IgA Nephropathy 287



T
a
b
le

1
6
.6
c

(c
o
n
ti
n
u
ed
)

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N
F
o
ll
o
w
-u
p

E
S
K
D

Δ
S
C
r

�1
0
0
%

Δ
S
C
r

�5
0
%

S
C
r
at

la
st
v
is
it

G
F
R
at

la
st
v
is
it

Δ
G
F
R

(N
)

(N
)

(N
)

(m
g
/d
L
)

(m
L
/m

in
)

(m
L
/m

in
)

C
ro
ss
o
v
er

tr
ia
ls

R
u
ss
o
2
0
0
1

[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

8
w
ee
k
s

0
N
D

N
D

N
D

C
cr

1
1
0
�
3
8
a
p
er

1
.7
3
m

2
N
D

E
n
al
ap
ri
l

0
1
0
8
�
2
8
a

L
o
sa
rt
an

0
1
1
1
�
2
8
a

M
ea
n
�

S
D

A
C
E
I
an
g
io
te
n
si
n
-c
o
n
v
er
ti
n
g
en
zy
m
e
in
h
ib
it
o
r,
A
R
B
an
g
io
te
n
si
n
II

re
ce
p
to
r
b
lo
ck
er
,
C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
C
in

in
u
li
n
cl
ea
ra
n
ce
,
eC

cr
es
ti
m
at
ed

C
cr
,

E
S
K
D

en
d
-s
ta
g
e
k
id
n
ey

d
is
ea
se
,
G
F
R
g
lo
m
er
u
la
r
fi
lt
ra
ti
o
n
ra
te
,
Ig
A
N

Ig
A

n
ep
h
ro
p
at
h
y
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
R
C
T
ra
n
d
o
m
iz
ed

co
n
tr
o
ll
ed

tr
ia
l,

Δ
G
F
R
a
d
ec
re
as
e
in

G
F
R
fr
o
m

th
e
b
as
el
in
e
v
al
u
e,
Δ
S
C
r
an

in
cr
ea
se

in
se
ru
m

cr
ea
ti
n
in
e
fr
o
m

th
e
b
as
el
in
e
v
al
u
e

*
P
<
0
.0
5
fo
r
t-
te
st
v
s.
A
C
E
I
in
te
rv
en
ti
o
n
(e
n
al
ap
ri
l
2
0
m
g
in

W
o
o
2
0
0
9
[2
5
])
,
al
th
o
u
g
h
n
o
t
re
p
o
rt
ed

in
th
e
st
u
d
y

a
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

288 R. Yamamoto



T
a
b
le

1
6
.6
d

O
u
tc
o
m
es

o
f
u
ri
n
ar
y
p
ro
te
in

an
d
re
n
al

h
is
to
lo
g
y
in

R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
A
C
E
I
v
s.
A
R
B
in

Ig
A
N

p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N
F
o
ll
o
w
-u
p

A
t
la
st
v
is
it

A
t
1
2
th

m
o
n
th

A
t
3
rd

m
o
n
th

H
is
to
lo
g
y

U
P
(g
/d
ay
)

Δ
U
P
(%

)

U
P

(g
/d
ay
)

Δ
U
P

(%
)

U
P
(g
/d
ay
)

Δ
U
P
(%

)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

W
o
o
2
0
0
9

[2
5
]

E
n
al
ap
ri
l

(2
0
m
g
)

6
3

7
4
�
2
m
o
n
th
s

1
.7
�
1
.0

N
D

N
D

N
D

N
D

N
D

N
D

E
n
al
ap
ri
l

(1
0
m
g
)

4
3

7
5
�
2

1
.7
�
0
.9

L
o
sa
rt
an

(2
0
0
m
g
)

6
1

7
5
�
3

1
.2
�
0
.8
*
*

L
o
sa
rt
an

(1
0
0
m
g
)

4
0

7
4
�
3

1
.6
�
0
.9

H
o
ri
ta

2
0
0
4

[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

6
m
o
n
th
s

0
.2
8
�
0
.2
0

6
3
�
2
1
b

N
D

N
D

0
.5
4
�
0
.2
0

N
D

N
D

T
em

o
ca
p
ri
l

1
0

0
.4
4
�
0
.3
1

4
1
�
1
6
b

0
.5
2
�
0
.3
0

L
o
sa
rt
an

1
0

0
.5
5
�
0
.3
8

3
7
�
1
1
b

0
.6
7
�
0
.4
7

N
ak
am

u
ra

2
0
0
0
[1
5
]

T
ra
n
d
o
la
p
ri
l

8
3
m
o
n
th
s

1
.2
�
0
.5

3
6
.8
�
1
5
.2

N
D

N
D

1
.2
�
0
.5

3
6
.8
�
1
5
.2

N
D

C
an
d
es
ar
ta
n

8
1
.1
�
0
.6

3
8
.9
�
1
6
.6

1
.1
�
0
.6

3
8
.9
�
1
6
.6

V
er
ap
am

il
8

1
.4
�
0
.5

2
2
.2
�
8
.4

*
1
.4
�
0
.5

2
2
.2
�
8
.4
*

P
la
ce
b
o

8
1
.7
�
0
.7

N
D

1
.7
�
0
.7

N
D

N
ak
am

u
ra

2
0
0
7
[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
m
o
n
th
s

0
.8
�
0
.2

5
5
.7
b

N
D

N
D

0
.8
�
0
.2

5
5
.7

b
M
o
d
ifi
ed

N
IH

sc
o
re

[6
1
]

T
em

o
ca
p
ri
l

8
1
.3
�
0
.3

3
3
.0
b

1
.3
�
0
.3

3
3
.0

b

O
lm

es
ar
ta
n

8
1
.5
�
0
.4

2
7
.6
b

1
.5
�
0
.4

2
7
.6

b

P
er
ic
o
1
9
9
8

[2
8
]

E
n
al
ap
ri
l

1
1

4
w
ee
k
s

0
.7
2
�
0
.3
9

3
9
�
2
8

N
D

N
D

N
D

N
D

N
D

Ir
b
es
ar
ta
n

9
1
.5
4
�
1
.4
6

4
5
�
2
0

(c
o
n
ti
n
u
ed
)

16 Limitations of RAS Blockade in IgA Nephropathy 289



T
a
b
le

1
6
.6
d

(c
o
n
ti
n
u
ed
)

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N
F
o
ll
o
w
-u
p

A
t
la
st
v
is
it

A
t
1
2
th

m
o
n
th

A
t
3
rd

m
o
n
th

H
is
to
lo
g
y

U
P
(g
/d
ay
)

Δ
U
P
(%

)

U
P

(g
/d
ay
)

Δ
U
P

(%
)

U
P
(g
/d
ay
)

Δ
U
P
(%

)

C
ro
ss
o
v
er

tr
ia
ls

R
u
ss
o
2
0
0
1

[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

8
w
ee
k
s

0
.5
7
�
0
.3
8
a

4
4
b

N
D

N
D

N
D

N
D

N
D

E
n
al
ap
ri
l

0
.9
5
�
0
.5
1
a
,
b

3
4
b

L
o
sa
rt
an

1
.0
1
�
0
.8
2
a
,
b

3
7
b

M
ea
n
�

S
D

A
C
E
I
an
g
io
te
n
si
n
-c
o
n
v
er
ti
n
g
en
zy
m
e
in
h
ib
it
o
r,
A
R
B
an
g
io
te
n
si
n
II
re
ce
p
to
r
b
lo
ck
er
,
Ig
A
N
Ig
A
n
ep
h
ro
p
at
h
y
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
R
C
T
ra
n
d
o
m
iz
ed

co
n
tr
o
ll
ed

tr
ia
l,
U
P
u
ri
n
ar
y
p
ro
te
in
,
Δ
U
P
d
ec
re
as
e
in

U
P
fr
o
m

th
e
b
as
el
in
e
v
al
u
e

*
P
<
0
.0
5
v
s.
A
C
E
I
in
te
rv
en
ti
o
n
(e
n
al
ap
ri
l
2
0
m
g
in
W
o
o
2
0
0
9
[2
5
])
;
*
*
P
<
0
.0
5
fo
r
t-
te
st
v
s.
A
C
E
I
in
te
rv
en
ti
o
n
(e
n
al
ap
ri
l
2
0
m
g
in
W
o
o
2
0
0
9
[2
5
])
,a
lt
h
o
u
g
h

n
o
t
re
p
o
rt
ed

in
th
e
st
u
d
y

a
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

b
M
ea
su
re
d
fr
o
m

a
fi
g
u
re

290 R. Yamamoto



T
a
b
le

1
6
.7
a

S
tu
d
y
p
ro
to
co
ls
o
f
R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
d
u
al

b
lo
ck
ad
e
v
s.
si
n
g
le

b
lo
ck
ad
e
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s,
d
o
se

D
u
ra
ti
o
n

A
g
e

B
P

R
en
al

fu
n
ct
io
n

U
P

H
is
to
lo
g
y

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

H
o
ri
ta

2
0
0
4

[2
6
]

T
em

o
ca
p
ri
l
(1

m
g
)
þ

L
o
sa
rt
an

(1
2
.5

m
g
)

6
m
o
n
th
s

N
D

N
o
rm

al
b
lo
o
d
p
re
ss
u
re

eC
cr

>
5
0
m
L
/m

in
/

1
.7
3
m

2
�0

.4
g
/

d
ay

N
D

T
em

o
ca
p
ri
l
(1

m
g
)

(B
P
<
1
4
0
/9
0
m
m
H
g
)

L
o
sa
rt
an

(1
2
.5

m
g
)

N
ak
am

u
ra

2
0
0
7
[2
7
]

T
em

o
ca
p
ri
l
(2

m
g
)
þ

O
lm

es
ar
ta
n
(1
0
m
g
)

3
m
o
n
th
s

N
D

N
o
rm

al
b
lo
o
d
p
re
ss
u
re

N
D

N
D

N
D

T
em

o
ca
p
ri
l
(2

m
g
)

(B
P
<
1
4
0
/9
0
m
m
H
g
)

O
lm

es
ar
ta
n
(1
0
m
g
)

C
ro
ss
o
v
er

tr
ia
ls

K
im

2
0
0
3
[3
0
]

(s
u
b
)

C
an
d
es
ar
ta
n
(4

m
g
)
þ

ra
m
ip
ri
l

(�
5
m
g
)

1
2
w
ee
k
s

N
D

B
P
<
1
3
0
/8
0
m
m
H
g
w
it
h
u
se

o
f

ra
m
ip
ri
l
�5

m
g

C
cr

2
5
–
9
0
m
L
/m

in
/

1
.7
3
m

2
>
1
.0

g
/

d
ay

N
D

P
la
ce
b
o
þ

R
am

ip
ri
l
(�

5
m
g
)

R
u
ss
o
2
0
0
1

[2
9
]

E
n
al
ap
ri
l
(�

2
0
m
g
)
þ

L
o
sa
rt
an

(�
1
0
0
m
g
)

8
w
ee
k
s

N
D

N
o
rm

al
b
lo
o
d
p
re
ss
u
re

C
cr

>
9
0
m
L
/m

in
/

1
.7
3
m

2
1
.0
–
3
.0

g
/

d
ay

N
D

E
n
al
ap
ri
l
(�

2
0
m
g
)

(B
P
<
1
4
0
/9
0
m
m
H
g
)

L
o
sa
rt
an

(�
1
0
0
m
g
)

B
P
b
lo
o
d
p
re
ss
u
re
,
C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
C
K
D
ch
ro
n
ic

k
id
n
ey

d
is
ea
se
,
eC

cr
es
ti
m
at
ed

C
cr
,
P
SL

p
re
d
n
is
o
lo
n
e,
SC

r
se
ru
m

cr
ea
ti
n
in
e,
U
P
u
ri
n
ar
y
p
ro
te
in

16 Limitations of RAS Blockade in IgA Nephropathy 291



T
a
b
le

1
6
.7
b

B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
o
f
Ig
A
N
p
at
ie
n
ts
in
cl
u
d
ed

in
R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
d
u
al

v
s.
si
n
g
le

R
A
S
b
lo
ck
ad
e
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N

A
g
e

S
B
P
/D
B
P
o
r

M
A
P

S
C
r

G
F
R

U
P

H
is
to
lo
g
y

(Y
ea
r)

(m
m
H
g
)

(m
g
/d
L
)

(m
L
/m

in
)

(g
/d
ay
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

H
o
ri
ta

2
0
0
4

[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

3
9
.6
�
1
0
.4

1
2
1
�
9
/7
3
�
1
1

0
.8
3
�
0
.1
9

eC
cr

9
1
.5
�
2
4
.6

p
er

1
.7
3
m

2
0
.7
5
�
0
.3
0

9
se
m
iq
u
an
ti
ta
-

ti
v
e
sc
o
re

T
em

o
ca
p
ri
l

1
0

3
9
.6
�
1
0
.8

1
2
1
�
8
/7
8
�
8

0
.8
5
�
0
.2
1

9
2
.5
�
1
7
.2

0
.7
3
�
0
.3
6

L
o
sa
rt
an

1
0

4
2
.7
�
1
2
.0

1
2
4
�
5
/8
0
�
5

0
.8
8
�
0
.1
7

8
8
.3
�
1
9
.8

0
.8
1
�
0
.4
4

N
ak
am

u
ra

2
0
0
7
[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
1
�
7

1
1
6
�
1
0
/6
8
�
9

1
.1
�
0
.2

C
cr

8
6
.8
�
3
0
.0

1
.9
�
0
.5

M
o
d
ifi
ed

N
IH

sc
o
re

[6
1
]

T
em

o
ca
p
ri
l

8
3
1
�
8

1
1
7
�
5
/6
8
�
6

1
.1
�
0
.2

9
0
.6
�
2
8
.4

2
.0
�
0
.5

O
lm

es
ar
ta
n

8
3
4
�
7

1
1
9
�
6
/7
0
�
5

1
.0
�
0
.3

9
0
.2
�
2
2
.0

2
.0
�
0
.6

C
ro
ss
o
v
er

tr
ia
ls

K
im

2
0
0
3
[3
0
]

C
an
d
es
ar
ta
n
þ

R
am

ip
ri
l

1
9

3
0
�
4
a

[2
4
–
3
8
]

9
2
�
8
a

N
D

C
cr

6
5
.3
�
2
5
.7

a
p
er

1
/7
3
m

2
4
.0
�
1
.7

a
N
D

P
la
ce
b
o
þ

R
am

ip
ri
l

R
u
ss
o
2
0
0
1

[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

2
5
.0
�
5
.7

1
1
8
.5
�
1
1
.7
/

7
5
.9
�
5
.7

N
D

C
cr

1
0
9
.6
�
2
6
.6

p
er

1
.7
3
m

2
1
.5
2
�
1
.1
7

E
n
al
ap
ri
l

L
o
sa
rt
an

M
ea
n
�

S
D
,
[r
an
g
e]

C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
D
B
P
d
ia
st
o
li
c
b
lo
o
d
p
re
ss
u
re
,
eC

cr
es
ti
m
at
ed

C
cr
,
M
A
P
m
ea
n
ar
te
ri
al
p
re
ss
u
re
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
SB

P
sy
st
o
li
c
b
lo
o
d

p
re
ss
u
re
,
S
C
r
se
ru
m

cr
ea
ti
n
in
e,
U
P
u
ri
n
ar
y
p
ro
te
in

a
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

292 R. Yamamoto



T
a
b
le

1
6
.7
c

O
u
tc
o
m
es

o
f
re
n
al

fu
n
ct
io
n
in

R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
d
u
al

b
lo
ck
ad
e
v
s.
si
n
g
le

R
A
S
b
lo
ck
ad
e
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N

F
o
ll
o
w
-

u
p

E
S
K
D

Δ
S
C
r

�1
0
0
%

Δ
S
C
r

�5
0
%

S
C
r
at

la
st
v
is
it

G
F
R
at

la
st
v
is
it

Δ
G
F
R

(N
)

(N
)

(N
)

(m
g
/d
L
)

(m
L
/m

in
)

(m
L
/m

in
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

H
o
ri
ta

2
0
0
4
[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

6
m
o
n
th
s

N
D

N
D

N
D

0
.9
1
�
0
.2
3

eC
cr

8
5
.7
�
2
9
.1

p
er

1
.7
3
m

2
N
D

T
em

o
ca
p
ri
l

1
0

0
.8
9
�
0
.2
2

8
7
.5
�
1
7
.9

L
o
sa
rt
an

1
0

0
.9
2
�
0
.2
3

8
5
.8
�
2
0
.7

N
ak
am

u
ra

2
0
0
7

[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
m
o
n
th
s

N
D

N
D

N
D

N
D

N
D

N
D

T
em

o
ca
p
ri
l

8

O
lm

es
ar
ta
n

8

C
ro
ss
o
v
er

tr
ia
ls

K
im

2
0
0
3
[3
0
]

C
an
d
es
ar
ta
n
þ

R
am

ip
ri
l

1
9

1
2
w
ee
k
s

N
D

N
D

N
D

N
D

C
cr

6
4
.7
�
2
5
.4

a
p
er

1
.7
3
m

2
N
D

P
la
ce
b
o
þ

R
am

ip
ri
l

6
5
.4
�
2
5
.0

a

R
u
ss
o
2
0
0
1
[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

8
w
ee
k
s

0
N
D

N
D

N
D

C
cr

1
1
0
�
1
2
p
er

1
.7
3
m

2
N
D

E
n
al
ap
ri
l

0
1
0
8
�
9

L
o
sa
rt
an

0
1
1
1
�
9

C
cr

cr
ea
ti
n
in
e
cl
ea
ra
n
ce
,
eC

cr
es
ti
m
at
ed

C
cr
,
E
SK

D
en
d
-s
ta
g
e
k
id
n
ey

d
is
ea
se
,
G
F
R
g
lo
m
er
u
la
r
fi
lt
ra
ti
o
n
ra
te
,
Ig
A
N
Ig
A
n
ep
h
ro
p
at
h
y
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n

sy
st
em

,
R
C
T
ra
n
d
o
m
iz
ed

co
n
tr
o
ll
ed

tr
ia
l,
Δ
G
F
R
a
d
ec
re
as
e
in

G
F
R
fr
o
m

th
e
b
as
el
in
e
v
al
u
e,
Δ
SC

r
an

in
cr
ea
se

in
se
ru
m

cr
ea
ti
n
in
e
fr
o
m

th
e
b
as
el
in
e
v
al
u
e

a
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

16 Limitations of RAS Blockade in IgA Nephropathy 293



T
a
b
le

1
6
.7
d

O
u
tc
o
m
es

o
f
u
ri
n
ar
y
p
ro
te
in

an
d
re
n
al

h
is
to
lo
g
y
in

R
C
T
s
as
se
ss
in
g
ef
fi
ca
cy

o
f
d
u
al

v
s.
si
n
g
le

R
A
S
b
lo
ck
ad
e
in

Ig
A
N
p
at
ie
n
ts

A
u
th
o
r
y
ea
r

In
te
rv
en
ti
o
n
s

N

F
o
ll
o
w
-

u
p

A
t
la
st
v
is
it

A
t
1
2
th

m
o
n
th

A
t
3
rd

m
o
n
th

H
is
to
lo
g
y

U
P
(g
/d
ay
)

Δ
U
P
(%

)

U
P

(g
/d
ay
)

Δ
U
P

(%
)

U
P
(g
/d
ay
)

Δ
U
P

(%
)

P
ar
al
le
l
g
ro
u
p
tr
ia
ls

H
o
ri
ta

2
0
0
4

[2
6
]

T
em

o
ca
p
ri
l
þ

L
o
sa
rt
an

1
1

6
m
o
n
th
s

0
.2
8
�
0
.2
0

6
3
.2
�
2
1
.4
b

N
D

N
D

0
.5
4
�
0
.2
0

N
D

N
D

T
em

o
ca
p
ri
l

1
0

0
.4
4
�
0
.3
1

4
1
.3
�
1
5
.9
b
*
*

0
.5
2
�
0
.3
0

L
o
sa
rt
an

1
0

0
.5
5
�
0
.3
8

3
6
.6
�
1
0
.8
b
*
*

0
.6
7
�
0
.4
7

N
ak
am

u
ra

2
0
0
7
[2
7
]

T
em

o
ca
p
ri
l
þ

O
lm

es
ar
ta
n

8
3
m
o
n
th
s

0
.8
�
0
.2

5
5
.7
b

N
D

N
D

0
.8
�
0
.2

5
5
.7
b

M
o
d
ifi
ed

N
IH

sc
o
re

[6
1
]

T
em

o
ca
p
ri
l

8
1
.3
�
0
.3
*

3
3
.0
b
*

1
.3
�
0
.3
*

3
3
.0
b
*

O
lm

es
ar
ta
n

8
1
.5
�
0
.4
*

2
7
.6
b
*

1
.5
�
0
.4
*

2
7
.6
b
*

C
ro
ss
o
v
er

tr
ia
ls

K
im

2
0
0
3
[3
0
]

C
an
d
es
ar
ta
n
þ

R
am

ip
ri
l

1
9

1
2
w
ee
k
s

3
.1
�
1
.3

a
N
D

N
D

N
D

3
.1
�
1
.3

a
N
D

N
D

P
la
ce
b
o
þ

R
am

ip
ri
l

4
.3
�
0
.9

a
*

4
.3
�
0
.9

a
*

R
u
ss
o
2
0
0
1

[2
9
]

E
n
al
ap
ri
l
þ

L
o
sa
rt
an

1
0

8
w
ee
k
s

0
.5
7
�
0
.3
8

6
4
b

N
D

N
D

N
D

N
D

N
D

E
n
al
ap
ri
l

0
.9
5
�
0
.5
1
b
*

3
4
b
*

L
o
sa
rt
an

1
.0
1
�
0
.8
2
b
*

3
7
b
*

Ig
A
N
Ig
A

n
ep
h
ro
p
at
h
y
,
R
A
S
re
n
in
-a
n
g
io
te
n
si
n
sy
st
em

,
R
C
T
ra
n
d
o
m
iz
ed

co
n
tr
o
ll
ed

tr
ia
l,
U
P
u
ri
n
ar
y
p
ro
te
in
,
Δ
U
P
d
ec
re
as
e
in

U
P
fr
o
m

th
e
b
as
el
in
e
v
al
u
e

*
P
<
0
.0
5
v
s.
d
u
al

R
A
S
b
lo
ck
ad
e;

*
*
P
<
0
.0
5
fo
r
t-
te
st
v
s.
d
u
al

R
A
S
b
lo
ck
ad
e,
al
th
o
u
g
h
n
o
t
re
p
o
rt
ed

in
th
e
st
u
d
y

a
S
D

w
as

ca
lc
u
la
te
d
m
u
lt
ip
ly
in
g
S
E
b
y
√N

b
M
ea
su
re
d
fr
o
m

a
fi
g
u
re

294 R. Yamamoto



criteria [19] and a limited number of trials showed the baseline renal histological

lesions [10, 12, 19, 20, 25–27].

A very interesting Japanese trial assessed a renal histological effect of dual RAS

blockade, compared with single blockade [27]. Compared with patients with single

blockade using temocapril 2 mg or olmesartan 10 mg, patients with dual blockade

had significantly lower activity index scored by mesangial cell proliferation, seg-

mental cellular crescent formation, and mononuclear interstitial infiltration,

whereas no significant change of chronicity scored by global glomerulosclerosis,

fibrous crescents, focal segmental glomerulosclerosis, interstitial fibrosis, and tubu-

lar atrophy. This trial suggested that dual blockade might be more beneficial in

patients with higher activity index.

Few studies assessed whether renal histological lesions affect a renoprotective

effect of RAS blockade or not. In contrast, an association between immunosup-

pressive therapy and renal histological lesions was reported in several studies. A

retrospective longitudinal study reported a significant effect modification between

mesangial hypercellularity of Oxford classification and immunosuppressive ther-

apy, suggesting that mesangial hypercellularity potentially predicted a

renoprotective effect of immunosuppressive therapy [31]. A Japanese RCT

assessing efficacy of oral prednisolone showed endocapillary proliferation was

associated with response of urinary protein to prednisolone therapy [33].

It is uncertain whether renal histological lesions predict a renoprotective effect

of RAS blockade or not. Further studies are essential to identify the clinical

characteristics of IgAN patients who are more responsive to RAS blockade, includ-

ing renal histological lesions, especially Oxford classification with high reproduc-

ibility [32] and clinical relevance [31].

16.5 Target Level of Urinary Protein in RAS Blockade

in IgA Nephropathy Patients

Although a number of RCTs demonstrated that RAS blockade improved renal

prognosis of IgAN, the optimal target levels of the surrogate markers in IgAN

patients with RAS blockage remains unknown. No one doubts that the most

promising candidate is urinary protein level. Several cohort studies of IgAN

reported that time-averaged urinary protein (TAP) during the observational period

had more predictive power than baseline urinary protein at first presentation [8, 34]

or diagnosis by kidney biopsy [35–37]. A prospective cohort study including

542 IgAN patients enrolled in the Toronto Glomerulonephritis Registry since

1974 showed TAP >1 g/day were significantly associated with poor renal progno-

sis, compared with those with TAP <1 g/day [8]. A more interesting finding of this

report was that renal prognosis between the patients with TAP<0.3 g/day and those

with 0.3–1.0 g/day were comparable, suggesting that urinary protein <1.0 g/day

was the target level to suppress progression of IgAN. A Korean retrospective cohort
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study including 500 IgAN patients also reported similar findings [37]. However,

they suggested that the ultimate optimal goal of urinary protein was <0.3 g/day

because the slope of eGFR decline was lower in patients with TAP 0.3–0.99 g/day,

compared with those with TAP <0.3 g/day (�0.73� 2.82 and �0.41� 1.68 mL/

min per 1.73 m2 per year, P¼ 0.03, respectively). A larger Chinese cohort study

including 1,155 IgAN patients enrolled in Nanjing Glomerulonephritis Registry

between 1989 and 2005 identified TAP 0.5–1.0 g/day as a significant predictor of

50 % decrease in eGFR or ESKD, compared with TAP<0.5 g/day (vs. TAP<0.5 g/

day; multivariate-adjusted hazard ratio 9.1 (95 % confidence interval 2.7–30.0),

P< 0.001) [35]. The differences in the findings of these might be due to sample

size, TAP categorization, and/or their practice patterns.

Strictly speaking, these previous cohort studies provided no direct evidence

suggesting the optimal target level of urinary protein in IgAN patients with RAS

blockades, because multiple interventions affected TAP, including RAS blockade,

immunosuppression by corticosteroids, use of fish oils, and others. Response of

urinary protein to RAS blockade and use of corticosteroid is remarkably different

from that to corticosteroids. Randomized crossover trials demonstrated that an

antiproteinuric effect of RAS blockade was reversible within 1 month of discon-

tinuation of RAS blockade [16, 29]. On the contrary, urinary protein level decreases

even after the end of corticosteroid therapy. An Italian randomized controlled trial

including 86 IgAN patients with urinary protein�1 g/day reported that 19 (44 %) of

43 patients with 6-month treatment of corticosteroid showed a minimal response

defined as urinary protein <1.0 g/day at the end of the treatment and, interestingly,

31 (72 %) patients did 6 months after the end of 6-month corticosteroid treatment

[38]. In 43 patients without corticosteroid treatment, minimal response was

observed in 9 (21 %) and 13 (30 %) patients within 6 and 12 months of the

follow-up period, respectively. Other randomized controlled trials also confirmed

that an irreversible antiproteinuric effect of corticosteroids, even in combination

with RAS blockade [39, 40].

Different antiproteinuric responses to RAS blockade and immunosuppression by

corticosteroids raise a question whether or not the optimal therapeutic target level

of urinary protein is comparative in IgAN patients with RAS blockade and those

with corticosteroids. For example, is an IgAN patient with 1.0 g/day of urinary

protein 6 months after finishing 6-month corticosteroid therapy at similar risk of

ESKD, compared with a patient who has 1.0 g/day of urinary protein after 12-month

RAS blockade? Few studies reported an association between urinary protein level

after therapeutic intervention and subsequent renal prognosis of IgAN. A small

Japanese cohort study including 141 IgAN patients interestingly reported that the

patients with <0.4 g/day of urinary protein 6 months after 6-month corticosteroid

therapy were at significantly lower risk of 50 % increase of serum creatinine level,

compared with those with>1.0 g/day of urinary protein, suggesting that the optimal

therapeutic target of urinary protein in patients with RAS blockade might be

<0.4 g/day [41]. Regarding RAS blockade, some study reported that decrease in

urinary protein within 1 year of RAS blockade was associated with better renal

prognosis [9]. However, no study assessed an association between urinary protein
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level after initiating RAS blockade and subsequent renal prognosis. Further studies

are essential to disclose the optimal therapeutic target level of urinary protein in

patients with RAS blockade.

16.6 RAS Blockade in Pregnant IgA Nephropathy Patients

Because IgA nephropathy is common in younger generation [42], pregnancy is of

great interest to female IgAN patients of childbearing age. Previous studies reported

that pregnancy was very common in IgAN patients. An Italian prospective cohort

study reported that 136 (51.0 %) of 223 female patients aged 18–35 years became

pregnant during a median follow-up of 10 years [43]. In a Chinese retrospective

cohort study, 62 (25.9 %) of 239 female patients aged 18–40 years had at least one

pregnancy during a mean follow-up of 4 years [44]. Both studies suggested that

pregnancy was unlikely to affect renal prognosis in the patients with preserved renal

function. In addition to the renoprotective treatment strategy, physicians should

keep in mind the pregnancy of IgAN patients.

Although RAS blockade is the first-line therapeutic modality of IgAN, both

ACEIs and ARBs are strictly contraindicated in pregnancy because of a well-known

fetopathy, particularly during the second and third trimesters [45]. Fetal RAS

blockade syndrome is characterized by oligohydramnios, neonatal renal failure,

hypotension, fetal pulmonary hypoplasia, patent ductus arteriosus, joint contrac-

tures, and hypocalvaria [46]. Many of the infants with fetal RAS blockade syn-

drome progress to ESKD and/or death. Experimental studies and human

morphological studies suggest that the combinations of severe fetal hypotension,

hypoxia, and loss of a functional RAS result in reduced renal blood flow leading to a

marked decline in glomerular filtration pressure [47].

Contrary to second- or third-trimester RAS blockade, the teratogenic effect of

first-trimester RAS blockade is controversial. A retrospective cohort study using

Tennessee Medicaid data of 29,507 infants identified the first-trimester exposure to

ACEIs as a significant predictor of major congenital malformations, especially

those of the cardiovascular and central nervous systems, compared with no expo-

sure to antihypertensive drugs (risk ratio 2.71 [95 % confidence interval

1.72–4.27]), whereas fetal exposure to other antihypertensive medications during

the first trimester did not confer an increased risk (0.66 [0.25–1.75]) [48]. However,

subsequent studies, including Swedish Medical Birth Register study [49], National

Birth Defects Prevention Study [50], and Kaiser Permanente Northern California

study [51], failed to ascertain that the first-trimester RAS blockade was associated

with higher incidence rate of major congenital malformations, compared with use

of other hypertensive drugs. A systematic review suggested that RAS blockade was

not significantly associated with a higher risk of major congenital malformations,

compared with use of other antihypertensive drugs [52].

In current guidelines for hypertension, RAS blockade is not recommend for

pregnant women and women who have a plan of pregnancy. In 2013 European

16 Limitations of RAS Blockade in IgA Nephropathy 297



Society of Cardiology and European Society of Hypertension (ESC/ESH) guide-

lines for the management of arterial hypertension, ACEIs, or ARBs should be

avoided in women with childbearing potential [53]. Similarly, The Japanese Soci-

ety of Hypertension Guidelines for the Management of Hypertension (JSH 2014)

recommend that RAS blockade should be avoided in women who may become

pregnant [54]. They stress that administration should be carefully performed only

after confirming their wishes for pregnancy and plans even in those who may

become pregnant. British NICE clinical guideline 107 of hypertension in pregnancy

recommend telling women with ACEIs or ARBs that there is an increased risk of

congenital abnormalities if these drugs are taken during pregnancy and stopping

antihypertensive treatment in women taking ACEIs or ARBs if they become

pregnant (preferably within two working days of notification of pregnancy) and

offer alternatives [55].

Although RAS blockade is regarded as one of the main treatment modalities of

IgAN, female patients of childbearing age and their physicians should keep its

teratogenic effect in mind. The physicians should provide them with enough

information about its adverse effect before starting RAS blockade.

16.7 Conclusion

Current cumulative evidence strongly suggests that RAS blockade is most promis-

ing therapeutic modalities of IgAN. However, RAS blockade has a number of

clinical issues to be addressed. Further studies are essential to elucidate the mag-

nitude of benefit and the potential risk of RAS blockade in IgAN patients with a

wide range of clinical characteristics.
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Chapter 17

What Is the Goal for Proteinuria in IgA

Nephropathy?

Kyoko Watanabe and Keita Hirano

Abstract IgA nephropathy is not a one-shot disease, but follows a unique repet-

itive course from disease onset to progression, remission, and relapse. In order to

determine appropriate management strategy for IgA nephropathy, target proteinuria

needs to be defined. In two cohort studies examining at time-average proteinuria

over the whole follow-up, proteinuria associated with decent renal survival was

1.0 g/day and less than 0.5 g/day. This category of proteinuria is referred to as

partial remission. By contrast, a view that clinical remission with complete disap-

pearance of both proteinuria and hematuria at final observation is required for better

renal survival is widely common in Japan. However, by strict definition, time-

average proteinuria during follow-up and urinary abnormalities at the end of

observation period are not predictors of subsequent prognosis. Because of this,

the more solid finding of the close association between proteinuria after 1–2 years

of intervention and subsequent prognosis is explored to seek target proteinuria in

management of IgA nephropathy.

Keywords Partial remission • Clinical remission • Time-average proteinuria

17.1 Why Is the Goal Necessary for Proteinuria in

Treatment of IgA Nephropathy?

An important aspect in management of glomerular disease is to improve renal

survival. For glomerular diseases, namely, minimal change nephrotic syndrome,

membranous nephropathy, focal segmental glomerulosclerosis, and IgA nephrop-

athy, proteinuria is the most reliable and independent predictor of renal survival [1–

6]. Furthermore, clarifications of specific questions such as degree of proteinuria

associated with highest risk of developing end-stage renal disease and the timings at

which proteinuria should be measured are necessary. For glomerular diseases

except IgA nephropathy, this question is described in their guidelines. For example,

in minimal change nephrotic syndrome, complete disappearance of proteinuria is
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favored, while in membranous nephropathy, two categories of less than 0.3 g/day

and less than 3.5 g/day are acceptable [1–3]. There have been only a few studies

specific for IgA nephropathy, which examined this question. From disease onset,

clinical course of IgA nephropathy is not uniform in that it experiences progression,

remission, and relapse in a repetitive manner. Therefore, in IgA nephropathy,

proteinuria and other clinical factors should be reassessed at each clinical stage to

determine treatment strategy with an ultimate goal of renal protection. Ultimately,

treatment strategy is decided on a basis of balance between benefits and risks and

should be tailored for each individual. For this reason, target proteinuria must be

defined unique for IgA nephropathy.

17.2 Rational for the Concept of Partial Remission in IgA

Nephropathy from the Analysis of Mean Proteinuria

During the Whole Follow-Up and Renal Prognosis

As shown in Table 17.1, Reich et al. proposed the concept of partial remission in IgA

nephropathy through an observational study of 542 cases of IgA nephropathy with a

mean observation period of 6.5 years in 2007 [6]. They noted that time-average

proteinuria, which refers to the mean value of proteinuria calculated from protein-

uria taken at half-year intervals, was an independent indicator of subsequent end-

stage renal disease. Of note, time-average proteinuria of more than 1.0 g/day was

shown to be an independent prognostic factor in a volume-dependent manner. Risk

of developing end-stage renal disease was increased by hazard ratios of approxi-

mately 3.5, 5, and 10 for proteinuria 1.0–2.0 g/day, 2.0–3.0 g/day, and more than

3.0 g/day, respectively. Simultaneously, patients who achieved absence of protein-

uria (sustained level of <0.3 g/day) did not have a different rate of renal function

decline compared to patients who achieved partial remission to <1.0 g/day. Their

interpretation of the results was a novel concept in that proteinuria of 1.0 g/day was

taken as a cutoff for good renal prognosis, and sowas proposed as the target value for

proteinuria in management of IgA nephropathy. Furthermore, Le et al. reported a

cohort study of 1155 cases of Chinese IgA nephropathy patients with a median

observation period of 5.4 years and outcome of end-stage renal disease in 2012 [7],

(Table 17.1). Similar to Reich et al., they showed that patients with time-average

proteinuria >1.0 g/day were associated with a 9.4-fold increased risk of developing

end-stage renal disease than those with time-average proteinuria <1.0 g/day. They

also demonstrated that patients with proteinuria<0.5 g/daywasmore beneficial than

proteinuria between 0.5 and 1.0 g/day. In detail, patients with time-average protein-

uria 0.5–1.0 g/day were associated with a 10.7-fold increased risk than those with

time-average proteinuria<0.5 g/day. Therefore, for Le et al., proteinuria of less than

0.5 g/day was referred to as partial remission. The reason for such a discrepancy is

unclear. This may be due to differences in racial groups, sample sizes, and their strict

definitions of time-average proteinuria.
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17.3 Previous Proposal of Clinical Remission Defined by

the Absence of Proteinuria and Hematuria at Final

Observation as Treatment Goal

Kobayashi et al. reported effectiveness of steroids for IgA nephropathy in 1988 [8].

At that time, oral steroids were the mainstay of treatment, and less than 1.0 g/day

was commonly accepted as target proteinuria. With advances in treatment, target

proteinuria may undergo a paradigm shift. In 2001, Hotta et al. proposed the

concept of clinical remission defined by complete disappearance of proteinuria

and hematuria at final observation as opposed to partial remission, as the treatment

goal [9]. They reported an observational study composed by 329 cases of IgA

nephropathy with a mean observation period of 6.9 years (Table 17.1). In this

cohort, 197 cases received steroid pulse therapy, 250 cases had tonsillectomy, and

95 cases had immunosuppressive therapy. At the end of the observation period,

among 158 cases with clinical remission, no one had 1.5 times increase in serum

creatinine concentration from baseline, making it a more favorable outcome com-

pared to the 24 cases (14 %) among 172 cases with no clinical remission. Further-

more, by multivariate analysis, steroid pulse therapy and tonsillectomy were shown

to have significantly contributed to the achievement of clinical remission. Taken

altogether, they recommend combination of steroid pulse therapy and tonsillec-

tomy, and hence their suggestion of clinical remission as the goal in management of

IgA nephropathy.

17.4 Limitations in Clinical Implications for the Concept of

Partial and Clinical Remissions Taken from

Proteinuria at Different Times During the Follow-Up

Several limitations exist when applying time-average proteinuria and final urine

analysis in clinical practice. Firstly, some important information acquired during

the clinical course of the disease is missed when calculating time-average protein-

uria and only considering urine analysis at the end of the follow-up. Clinical course

of IgA nephropathy involves periods of progression, remission, and relapse. Each

period has a differing disease activity. Therefore, consideration of only average

values and urine analysis at the end of the follow-up does not truly reflect the course

of the disease. In the studies where the concepts of partial and clinical remissions

were first described, it is uncertain as to how much attention was paid to relapses

when analyzing results. Secondly, variabilities of treatment protocols were not

considered in detail through analysis. Supportive treatment such as RAS inhibitors

(RAS-I) and more active interventions such as steroid pulse therapy did not have

different weights in the analysis, and so the results from a mixture of treatment

strategies might have been interpreted as one entity. Finally, time-average
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proteinuria and proteinuria at the end of follow-up are measures calculated concur-

rently with disease progression. This means that these measures in themselves are

the results of disease course and hence not strictly the indicators of prognosis.

17.5 Clinical Implications of Proteinuria Responded to

Initial Treatment as a Predictor of Renal Prognosis

In a secondary study of the randomized controlled trial of omega-3 polyunsaturated

fatty acids in IgA nephropathy, Donadio et al. demonstrated that proteinuria after

1 year of intervention correlated with renal prognosis in a volume-dependent

manner [10]. This analysis shed new light on the link between proteinuria and

renal prognosis. Nevertheless, they did not mention the threshold of proteinuria

after 1 year of intervention. This was then examined by Hwang et al. in a study

analyzing 125 cases of IgA nephropathy [11]. They demonstrated that those who

reached proteinuria of less than 1.0 g/day 1 year after intervention had better renal

prognosis (Table 17.1). However, the main problem in this study was that inter-

vention was not standardized in that it also included RAS-I for all cases as well as a

mixture of steroid and other immunosuppressive therapy for some cases.

For the first time in 2004, Pozzi et al. demonstrated benefits of steroid therapy in

an 8-year randomized controlled trial [12]. They reported that three courses of

steroid pulse therapy given in half a year period resulted in good renal prognosis

over 8 years. Although there had been studies examining at the effects of steroid

therapy, the study by Pozzi was the first randomized controlled trial in this field.

With their protocol, proteinuria decreased most in the first year of intervention.

Leading from this, Hirano et al. standardized steroid therapy to Pozzi protocol and

analyzed target proteinuria for IgA nephropathy [13], (Table 17.1). Firstly, out of

proteinuria measured at three intervals, namely, before intervention, after half a

year, and 1 year of intervention, proteinuria measured 1 year after intervention was

most associated with renal survival. Following this, proteinuria 1 year after inter-

vention was taken as the primary assessment point, and analysis was performed to

determine the value of proteinuria above which renal function was likely to

deteriorate. Regardless of baseline renal function and pathological findings, pro-

teinuria of more than 0.4 g/day 1 year after intervention was likely to result in 1.5

times increase in creatinine concentration. Furthermore, details of relapse of IgA

nephropathy with proteinuria of more than 1.0 g/day were also analyzed [14]. Risk

of relapse increases rapidly when proteinuria reaches above 0.4 g/day after 1 year.

For the reasons stated above, Hirano et al. proposed proteinuria of less than 0.4 g/

day as the criterion for partial remission after undergoing Pozzi steroid protocol. In

contrast, Tatematsu et al. who analyzed the slope of eGFR progression as the

outcome suggested a more strict criterion of clinical remission within 2 years of

initiating treatment as a pointer toward good renal prognosis [15], (Table 17.1).
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However, both studies lacked enough sample size for more solid multivariate

analysis.

17.6 Future Directions of Target Proteinuria

In order to clarify target proteinuria, large prospective multicenter studies with

more defined intervention protocols and specified timings of proteinuria measure-

ments are warranted. Limitations exist in taking proteinuria as a sole indicator of

prognosis in clinical practice. Therefore, in the future other markers may be used

alongside proteinuria to better predict the future course of the disease. Furthermore,

advances in analysis of specific subclasses of urinary protein associated with

disease relapse or fibrosis may offer a new direction. An ongoing study by Suzuki

et al. investigating specific serum markers for activity of IgA nephropathy may shed

new light on the use of serum markers alongside proteinuria [16].
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Chapter 18

Beyond the Differences in Tonsillectomy

in IgA Nephropathy: From Rationale To

Indications in Patients

Yusuke Suzuki, Rosanna Coppo, and Yasuhiko Tomino

Abstract In the special symposiums on IgA nephropathy (IgAN) (Symposium

3, IgAN Basic; Symposium 4, IgAN Clinical/KDIGO) at the last Asian Pacific Con-

gress of Nephrology (APCN) 2014 in Tokyo, discussion by expert nephrologists from

Asian and Western countries revealed how actual clinical practices in IgAN, including

timing of renal biopsy and choices of treatments, are different, despite evidence-based

guidelines. In particular, indication for tonsillectomy with or without steroid pulse

therapy for IgANpatients ismarkedly different betweenAsian and European-American

practices. The tonsillectomy is considered to be old-fashioned in Western countries,

while it is still widely accepted in Asian countries such as Japan and China. The present

chapter discusses rationale of tonsillectomy, with up-to-date understanding of IgAN

pathogenesis, and summarizes the actual difference in the IgAN practice with respect to

tonsillectomy with or without steroid pulse therapy, such as clinical stages at the

intervention, based on some key papers fromAsian andWestern countries. In addition,

we attempt to identify the medical and social causes behind these differences.

Keywords Tonsillectomy • Steroid pulse therapy • Mucosal immunity •

Galactose-deficient IgA • Randomized clinical trial

18.1 Introduction

The hallmark of IgA nephropathy (IgAN), well known to every medical student, is

macroscopic hematuria, which is coincident with or immediately following acute

tonsillitis [1]. This presentation is very common; therefore, patients with recurrence
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of such episodes receive a likely diagnosis of IgAN even without a renal biopsy

detecting IgA in the mesangial area. Tonsillectomy was traditionally considered the

treatment of choice for patients with IgAN, and reduction in the frequency of

episodes of macroscopic hematuria is commonly observed when recurrent bacterial

tonsillitis is cured via tonsillectomy [2]. However, it became clear that repeated

episodes of gross hematuria do not represent a sign of progression and not a risk

factor of IgAN [3]. Relentless progression is frequently associated with persistent

heavy hematuria, particularly proteinuria [4]. This finding suggests that less clinical

benefit of tonsillectomy is observed in IgAN patients than that expected. On the

other hand, in Japan, only 10 % of IgAN patients are detected by episodic macro-

scopic hematuria, while 70 % IgAN patients are detected by chance microscopic

hematuria in annual screening via urinalysis. This clinical fact clearly indicates that

hematuria is an initial and essential manifestation of IgAN. However, the degree of

proteinuria presents a greater risk for progressive IgAN than that of hematuria

[4, 5]. These observations are reasonable because glomerular injury events leading

to hematuria may precede those leading to persistent proteinuria in IgAN. Previous

epidemiological studies assessing risk factors for CKD [6, 7] further support the

idea that hematuria precedes proteinuria. Therefore, it is not surprising that pro-

teinuria is a stronger predictor of IgAN progression than episodic macroscopic

hematuria [5].

In addition to causing a debate over the clinical outcome of tonsillectomy, these

observations had different effects on clinical practice all over the world. In Western

countries, such as Europe and the USA, tonsillectomy is considered to be

old-fashioned, while it is still widely used in Japan and China.

18.2 Comparison of Different Clinical Practices

for Tonsillectomy in IgA Nephropathy

In the special symposiums on IgAN at the last Asian Pacific Congress of Nephrol-

ogy (APCN) 2014 in Tokyo (President: Prof. Yasuhiko Tomino), Asian and

European nephrologists discussed the differences in clinical practice of IgAN

treatment in their respective countries as well as up-to-date understanding of

IgAN pathogenesis. This discussion revealed how actual clinical practices, includ-

ing timing of renal biopsy and choices of treatments, are different, despite

evidence-based guidelines. Indication for tonsillectomy [often associated with

steroid pulse therapy] is markedly different between Asian and European-American

practices. This debate was followed by a blog discussion launched by NDT-Edu-
cational. Here we summarize the actual difference in the IgAN practice with

respect to tonsillectomy and attempt to identify the medical and social causes

behind this difference.
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18.3 The Rationale for Tonsillectomy in IgA Nephropathy

Is Debated

One can speculate that tonsillectomy represents an easy means to eliminate a

pathogen source. However, several studies suggest that abnormalities of the

mucosal-associated lymphoid tissue (MALT) are critical for the development of

IgAN, with infections representing the simple role of triggering an event [1]. Exper-

imental IgAN can be produced in animals after abrogation of the natural process of

mucosal tolerance, which favors the host defense against pathogens [8]. In this

context, IgAN is likely to develop because of a failure of mucosal antigen elimi-

nation and altered IgA synthesis, leading to the production of nephritogenic IgA.

On the other hand, studies with experimental IgAN also demonstrated that chronic

mucosal infection is not required for nephritogenic IgA production [9]. Moreover,

transient mucosal activation of a pattern recognition receptor (PRR), such as Toll-

like receptor (TLR), by pathogen-associated molecular patterns in IgAN-prone

mice is sufficient to exacerbate this disease with rapid serum elevation of IgA

[9, 10]; this suggests that preexisting mucosal B-cell clones produce nephritogenic

IgA. Palatine tonsils have a unique cellular composition in the reticulated

subepithelium, which is ideal for productive antigen sampling. One of the most

important characteristics of the palatine tonsils is that very rich B-cell lymphoid

follicles at the subepithelial space foster the development of memory B cells and

plasma cells. This is very different from other tonsils in Waldeyer’s ring. Japanese
nephrologists and otolaryngologists are aware that the beneficial effect of tonsil-

lectomy in IgAN patients is independent of the size of the palatine tonsils and the

presence of abscesses. Therefore, if the responsible B cells producing nephritogenic

IgA are localized in the palatine tonsils, tonsillectomy may abrogate mucosal

antigen encounters to such B cells, even if not chronic, leading to acute elevation

of nephritogenic serum IgA [9, 10] and their clonal expansion [11].

It is now accepted that galactose-deficient IgA1 (GdIgA1) and GdIA1 and

immune complexes (IC) with endogenous antiglycan antibodies are essential

nephritogenic molecules initiating IgAN [12, 13]. Although there is no study clearly

demonstrating the type of mucosal B cells involved, the recent studies revealed that

the palatine tonsils are, at least in part, delivery sources of GdIgA1 under abnormal

cytokine conditions [14–18]. Total IgA is decreased by 10 % on average after

tonsillectomy alone in IgAN patients; because patients who showed tonsillar acti-

vation of innate immunity and a large decrease of serum IgA after the tonsillectomy

had a better clinical outcome, it was thought that the palatine tonsils may be the

major delivery source of nephritogenic IgA [19]. One recent study directly demon-

strated that tonsillectomy alone rapidly decreased serum levels of GdIgA1 in

patients who showed rapid improvement of hematuria after this therapy [20].

However, when considering tonsillectomy for reducing MALT surface, we

should consider that tonsils represent only 0.5 m2 of the entire 400 m2 of the total

mucosal surface in humans. In a recent study [21], IgAN patients who underwent

tonsillectomy showed a long-term reduction, but not normalization, of GdIgA1,
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signs of persistently activated MALT, ongoing oxidative stress, and increased

expression of TLR4. The ligand of TLR4 is lipopolysaccharide (LPS), produced

by gram-negative intestinal bacteria. Notably, a correlation was found between

progressive cases of IgAN and genetic polymorphism of the membrane receptor for

LPS (CD14–159). A renewed interest toward intestinal immunity has been recently

raised by a genetic-wide association study (GWAS), showing a strong association

between IgAN and genes of intestinal MALT response [22]. These recent data,

together with past reports on the role of dietary antigens in IgAN [23], tend to limit

the extent of the rationale for tonsillectomy in patients with IgAN.

In contrast, other studies further supported tonsillectomy in nephropathy because

serum levels of IgA and GdIgA1 were found to be correlated with tonsillar TLR9

overexpression [19, 20], and the TLR9 genotype was strongly associated with

histological severity of IgAN [9]. Patients who did not show a decrease in

GdIgA1 after tonsillectomy did so after the first additional steroid pulse therapy

with improvement of hematuria, indicating GdIgA1 production outside the tonsils

[20]. This finding suggests that some parts of the responsible cells producing

GdIgA1 in such patients may be disseminated to MALT other than the tonsils

and other lymphoid organs such as the bone marrow or spleen [24, 25]. It is known

that tonsillectomy with steroid pulse therapy (TSP) leads to a better clinical

outcome than tonsillectomy alone [26]. These clinical and experimental findings

suggest that additional steroid pulse therapy on tonsillectomy may target these

disseminated extratonsillar responsible cells [27].

18.4 The Clinical Effects of Tonsillectomy in IgA

Nephropathy Are Difficult to Assess Using

Randomized Controlled Trials

In the absence of large series studies or randomized clinical trials (RCTs), nephrol-

ogists in Western countries tend to consider tonsillectomy in IgAN as a procedure

to be performed only in patients with macroscopic hematuria and clinically evident

recurrent tonsillitis. However, in eastern countries tonsillectomy continues to be

regularly performed. In 2003, a breakthrough report by Xie et al. from Japan

resurrected the interest for tonsillectomy in IgAN because for the first time, the

procedure was associated with a better outcome at long-term follow-up [28]. A

Japanese retrospective analysis of 118 patients reported a significant effect of

tonsillectomy on survival from dialysis.

Here, the scientific conflict regarding the benefits of tonsillectomy between

Western and Asian countries began. In Europe, retrospective analyses of single

medical centers showed negative results in tonsillectomy [29, 30]. However, reports

from Japan showed a benefit of tonsillectomy, particularly with steroid pulse

therapy versus steroid therapy alone [31–33]. A benefit of tonsillectomy was also
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shown in IgAN recurrent in grafted kidneys while receiving a standard immuno-

suppressive regimen [34].

A recent RCT including 72 cases of IgAN in Japan was conducted. The patients

received methylprednisolone pulse alone or in combination with tonsillectomy;

some positive effects in reducing proteinuria at 1-year follow-up were observed

[35]. However, this RCT did not provide data on the benefits on renal function

decline and a longer follow-up is needed.

Due to these conflicting reports, the Kidney Disease: Improving Global Out-

comes (KDIGO) clinical practice guidelines did not recommend the tonsillectomy

as a therapeutic approach for IgAN [36].

Conflicting research findings highlight the differences between the European

and American perceptions of tonsillectomy as a treatment for IgAN. The European-

American practice, which limits tonsillectomy to cases with an obvious focal

infection, is in clear disagreement with the common indication in Asia to perform

tonsillectomy upon diagnosis of IgAN.

Why is there an underlying regional scientific conflict regarding the benefits of

tonsillectomy? Although this conflict is based on the discrepancy between the

abovementioned two European retrospective studies [29, 30] and some Asian

studies [28, 31, 32], the clinical stages of the IgAN patients in these studies appear

to be different. Rasche et al. included patients with relatively advanced stages: 55 %

of the participants had hypertension, 35 % had elevated serum creatinine

(>150 mmol/L), 62 % had heavy proteinuria (>1.5 g/day), and 25 % of the

participants reached ESRD within 2.3 years after tonsillectomy [29]. Although

Piccoli et al. selected only CKD stage 1 and 2 patients with tonsillectomy, they

analyzed the efficacy of the tonsillectomy in both IgAN and non-IgAN

patients [30].

Meanwhile, Xie et al. examined 118 Japanese patients in a moderate stage:

38.1 % had <0.5 g/day proteinuria and the mean serum creatinine was 1.07 mg/dl;

in addition, a better outcome for tonsillectomy during the long-term follow-up was

observed [28]. A recent study by Maeda et al. included a relatively early stage of

IgAN patients; they demonstrated the efficacy of tonsillectomy adjusted for the

known risk factors including blood pressure, proteinuria, and histological findings

[31]. Therefore, perceived discrepancies in efficacy between Europe and Asia may

partly be because of the clinical stage of IgAN at the time of intervention [5].

18.5 Current Clinical Practice in Western and Eastern

Worlds with Respect to Indication for Tonsillectomy

In Europe and the USA, the guidelines for tonsillectomy provided by Ears, Nose,

and Throat (ENT) International Societies do not recommend tonsillectomy in

patients who do not present with recurrent tonsillitis, including fever, pharyngeal

or tonsillar erythema, enlarged tonsils, tonsillar exudate, cervical adenopathy, and
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supportive microbiological test results. Moreover, watchful waiting is

recommended for patients with recurrent throat infections if they have had fewer

than seven episodes in the previous year. At least 12 months of observation is

recommended before considering tonsillectomy. No specific benefit is supported by

nephrology guidelines; therefore, tonsillectomy in a patient with IgAN without

clinical signs could be questionable in case of complications, even malpractice.

Following Hotta’s 2001 report [32], tonsillectomy in Japan is frequently

performed in combination with steroid pulse therapy. According to a nationwide

survey in more than 350 Japanese teaching hospitals, TSP is now performed in

approximately 65 % of the center hospitals [37], with remission of hematuria or

proteinuria in more than 50 % patients. These uncontrolled clinical data represent

the basis for TSP as the standard therapy for IgAN in Japan.

The majority of Japanese IgAN patients are less than 40 years old. 70 % of the

patients were diagnosed at early stage of this disease [38] through chance hematuria

in screening urinalysis. Although the KDIGO guidelines recommend renin-

angiotensin system blockade (RASB) agents as the first choice of treatment for

IgAN patients [39], Japanese medical guidelines do not permit the use of RASB in

IgAN patients without hypertension. These guidelines in addition to teratogenic

side effects further nourish a hesitation for RASB usage in normotensive young

females with IgAN in common Japanese medical practice.

The difficultly in prescribing RASB along with well-demonstrated benefits of

TSP are factors that favor tonsillectomy in early phases of IgAN in Japan, making it

difficult to justify multicenter RCTs. However, a large, nationwide prospective

cohort study in Japan began in 2008 and will provide some much needed clarity to

this matter.

18.6 Conclusion

Tonsillectomy as monotherapy in IgAN has only a small possibility to be proven

beneficial by RCT. It would not be feasible for opposite reasons in the two parts of

the world.

In Europe and Asia, no ethical committee would permit a potentially invasive

surgical intervention, which is not recommended by ENT or nephrology guidelines.

No ENT specialist could be convinced to participate without a strong, evidence-

based recommendation.

On the opposite side, in Japan, social medicine does not support RASB in

normotensive young IgAN patients. Medical practitioners and patients generally

believe that tonsillectomy and TSP are safe and beneficial. Tonsillectomy/TSP is

the standard of practice; therefore, it would be not easy to conduct an RCT.

The abovementioned differences in clinical practice of tonsillectomy in IgAN

provoke a still-passionate discussion at international meetings about this procedure

in patients with IgAN. The interest remains strong and we do not abandon the hope

to find a scientific solution.

316 Y. Suzuki et al.



Acknowledgments We would like to thank all participants in the special symposiums of IgAN in

APCN 2014: Prof. Kawamura T, Yuzawa Y, Narita I, Katafuchi R, Yasuda T, Yasuda Y,

Yamamoto R, Hirano K, Goto S, Suzuki H, Li PKT, Liu ZH, Chae DW, Zhang H, Barratt J,

Novak J, Coppo R, Mustonen J, Glassock R, the Asian Pacific Society of Nephrology (APSN)

president Prof. Harris D, and the president of Japanese Society of Nephrology (JSN) Prof. Matsuo

S. We also thank NDT-Educational for the possibility to expand the discussion on tonsillectomy in

IgAN refining the material for the preparation of this manuscript.

Conflict of Interest The authors declare that they have no conflict of interest.

References

1. Schena FP, Coppo R. IgA nephropathies. In: Davison AM, Ritz E, Cameron JS, Winearls C,

editors. Oxford textbook of clinical nephrology. 3rd ed. Oxford: Oxford University Press;

2005.
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Chapter 19

Is Tonsillectomy a Possible Treatment

for IgA Nephropathy from Randomized

Controlled Trial (RCT)?

Tetsuya Kawamura

Abstract Tonsillectomy combined with steroid pulses has become one of the most

widely used therapy protocols in the treatment of active IgA nephropathy (IgAN) in

Japan. However, the role of tonsillectomy in the long-term prognosis of IgAN

remains unclear, because it has not yet been tested in a randomized controlled

trial (RCT). Thus, we conducted a multicenter RCT of tonsillectomy combined

with steroid pulse therapy in patients with IgAN. Patients with biopsy-proven

IgAN, moderate proteinuria ranging from 1.0 to 3.5 g/day, and serum creatinine

of �1.5 mg/dL were randomly allocated to receive tonsillectomy combined with

steroid pulses (Group A; n¼ 33) or steroid pulses alone (Group B; n¼ 39). The

primary end points were the percentage decrease in urinary protein excretion from

baseline and the frequency of the disappearance of proteinuria and/or hematuria.

During 12 months from baseline, the percentage decrease in urinary protein excre-

tion was significantly larger in Group A than that in Group B (P< 0.05). However,

the frequency of the disappearance of proteinuria, hematuria, or both (clinical

remission) at 12 months was not statistically different between the groups. Logistic

regression analyses revealed the assigned treatment was a significant, independent

factor contributing to the disappearance of proteinuria. The results indicate the

antiproteinuric effect was significantly greater in combined therapy, whereas it has

no beneficial effect over steroid pulses alone to attenuate hematuria and to increase

the incidence of clinical remission. Nonetheless, the role of tonsillectomy on the

renal functional outcome remains to be clarified.
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19.1 Background

There has been an ample of evidence suggesting pathogenic role of tonsils in IgA

nephropathy (IgAN). Clinically, macroscopic hematuria often occurs in patients

with IgAN after acute pharyngitis, and in those patients, acute glomerular lesions

such as cellular crescents or capillary necrosis are frequently observed. Previous

experimental studies demonstrated that J chain mRNA-positive IgA-bearing cells

were increased in tonsils of IgAN patients, suggesting increased dimeric IgA

production. There is now convincing evidence that IgA1 molecules produced by

tonsillar lymphocytes from patients with IgAN are under-O-glycosylated as well as

those in serum or elution from glomeruli of IgAN patients [1–3]. As a result,

glycan-containing epitopes on an aberrantly glycosylated serum IgA1 are exposed

and recognized by IgG or IgA autoantibodies, leading to formation of IgG-IgA or

IgA-IgA immune complexes and their deposition in the mesangium and subsequent

renal injury.

On the other hand, several previous clinical studies have examined the effect of

tonsillectomy on clinical remission and renal survival of patients with IgAN. In a

retrospective study, Hotta et al. [4] found that tonsillectomy was an independent

predictor of the remission of urine abnormalities and a lack of progression in renal

injury. Xie et al. [5] followed up 118 patients for an average of 20 years and found

that renal survival was better in the group with prior tonsillectomy than in the one

without tonsillectomy at 240 months. Moreover, in a non-randomized prospective

study, Komatsu et al. [6] found that tonsillectomy combined with steroid pulse

treatment had a significant impact on the disappearance of both proteinuria and

hematuria, when compared with steroid pulse treatment alone.

On the basis of these findings, increasing attention has been drawn to the role of

tonsillectomy in the long-term prognosis of IgAN. In fact, tonsillectomy combined

with steroid pulses has become one of the most widely used therapy protocols in the

treatment of active IgAN and is now being performed in �50 % of the institutions

in Japan [7].

However, the role of tonsillectomy in the long-term prognosis of IgAN remains

unclear, because it has not yet been tested in a randomized controlled trial (RCT).

Previous reviews of the Japanese studies about the effects of tonsillectomy in IgAN

insist that tonsillectomy cannot be recommended for widespread use, or there is

insufficient data to recommend tonsillectomy for IgAN patients [8, 9]. Importantly,

the recent Kidney Disease: Improving Global Outcomes clinical guideline for

glomerulonephritis suggests that tonsillectomy not be performed for IgAN, because

no RCT of tonsillectomy has been performed [10]. In this regard, we conducted a

multicenter RCT of tonsillectomy combined with steroid pulse therapy in Japanese

patients with IgAN and reported the results of the RCT in Nephrology Dialysis

Transplantation 2014 [11].

In this review, we consider whether tonsillectomy is a promising treatment for

IgAN from the results of the RCT.
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19.2 Outline of the RCT

19.2.1 Materials and Methods

The inclusion criteria were established primarily according to the previous trial by

Pozzi et al. [12, 13] and were biopsy-proven IgAN, an age ranging from 10 to

69 years, urinary protein excretion ranging from 1.0 to 3.5 g/day, serum creatinine

of �1.5 mg/dL, a histological grade diagnosed as a relatively good prognosis, a

relatively poor prognosis or a poor prognosis in the classification proposed in 2004

[14], and systolic and diastolic blood pressures of <140 and <90 mmHg, respec-

tively, regardless of the use or nonuse of antihypertensive drugs. We estimated the

frequency of the disappearance of proteinuria at 12 months after the initiation of the

treatment to be 40 % in patients treated with tonsillectomy plus steroid pulses

[7, 15] and 10 % in those with steroid pulses alone [12, 13]. Based on the power of

80 % for detecting a significant difference (P< 0.05, two sided), 38 patients were

required for each study group. To compensate for non-evaluable patients, we

planned to enroll 40 patients per group.

Randomization was done in the registration center using a computer-based

allocation program with the minimization method. Immediately after the input of

patients’ information, including the date of enrollment, gender, histological grade,

the severity of proteinuria (<2.0 g/day or �2.0 g/day), serum creatinine (male,

<1.2 mg/dl or �1.2 mg/dl; female, <0.9 mg/dl or �0.9 mg/dl), and the use or

nonuse of RAS inhibitors (RAS-I), the participants were automatically assigned to

Group A (tonsillectomy plus steroid pulses) or Group B (steroid pulses alone). The

patients assigned to Group A underwent tonsillectomy and subsequently received

0.5 g/day of methylprednisolone intravenously for three consecutive days at

1–3 weeks later and then at 2 and 4 months later. They were also given oral

prednisolone at a dose of 0.5 mg/kg every other day for 6 months. The patients

assigned to Group B received only the steroid pulse therapy and were also given

oral prednisolone in a manner identical to that in Group A. The protocol of steroid

pulse therapy was essentially the same as the one in the trial by Pozzi et al. [12, 13],

with the exception that a half dose of intravenous methylprednisolone was provided

in the current study. The entire trial period (treatment + follow-up) was 12 months.

The primary end points were the percentage decrease in urinary protein excre-

tion from baseline and the frequency of the disappearance of proteinuria and/or

hematuria, which were defined as less than 0.3 g/day and urinary RBC less than

5/HPF at 12 months after the initial treatment, respectively. The secondary end

points were a change in eGFR from baseline, the frequencies of a 100 % increase in

serum creatinine from baseline, a 50 % decrease in eGFR from baseline, indications

for renal replacement therapy, and adverse effects.

Data were subjected to intention-to-treat analysis. The percent reduction of

proteinuria from baseline was compared between Groups A and B by analyzing

the values from six fixed time points (2, 4, 6, 8, 10, and 12 months after random-

ization) using a mixed-effects model. For comparing the parameters between the
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two groups, the unpaired t-test and non-parametric Wilcoxon rank-sum test were

used for normally and non-normally distributed variables, respectively. The differ-

ence in frequency between the two groups was evaluated using Pearson’s
chi-square test. Logistic regression analysis was used to evaluate the impact of

tonsillectomy, eGFR, mean arterial pressure, urinary protein excretion, and the use

of RAS-I at baseline on the disappearance of proteinuria, hematuria, or both after

adjusting for the other covariates.

19.2.2 Results

Eighty eligible patients were enrolled from 18 universities or community hospitals

all over Japan and randomly allocated to receive tonsillectomy with steroid pulses

(Group A) or steroid pulses alone (Group B) (Fig. 19.1). Of 40 patients in Group A,

three were found not to meet the inclusion criteria and four withdrew the consent.

Of 40 patients in Group B, one withdrew the consent. One patient in Group A who

did not undergo tonsillectomy after randomization was analyzed as Group A

according to the policy of intention-to-treat analysis. Likewise, two patients in

Group B who underwent tonsillectomy after randomization were analyzed as Group

B. We therefore analyzed 33 and 39 patients in Group A and Group B, respectively.

The two groups did not differ in age, gender distribution, eGFR, urinary protein

excretion, blood pressure, the proportion of patients’ given renin-angiotensin sys-

tem (RAS) inhibitors, and histological grades (Table 19.1).

Fig. 19.1 Trial profile
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19.2.2.1 Impact of Steroid Pulses and Tonsillectomy on Proteinuria

Figure 19.2 shows the percent changes in urinary protein excretion from baseline

during the trial period. As revealed by a mixed effect model employing six fixed

effects (group allocation, eGFR, mean arterial pressure, the use of RAS-I at

baseline, time, and the interaction of group and time), the percentage decrease in

urinary protein excretion during the 12 months from baseline was significantly

larger in Group A than that in Group B (coefficient estimate �1.316, 95 % CI

�2.617 to �0.015, P¼ 0.047). The percentage of patients with the disappearance

of proteinuria (<0.3 g/gCr) was significantly higher in Group A than in Group B

after 10 months (P¼ 0.029; Fig. 19.2). However, at 12 months, the difference was

not statistically significant (Group A, 63 %; Group B, 39 %; P¼ 0.052).

19.2.2.2 Impact of Steroid Pulses and Tonsillectomy on Hematuria

The severity of microscopic hematuria gradually decreased following the initiation

of therapy in both groups. However, the proportion of patients with the

Table 19.1 Baseline patient characteristics

Group A Group B

Tonsillectomy/steroid pulse

therapy

Steroid pulse therapy

alone

(n¼ 33) (n¼ 39)

Age (years) 36 (13) 40 (13)

Gender

Male 17* (52) 18* (46)

Female 16* (48) 21* (54)

eGFR (ml/min/1‧73 m2) 75 (24) 69 (22)

Proteinuria (g/day) 1.6 (0.5) 1.6 (0.6)

Proteinuria (g/g creatinine) 1.7 (1.0) 1.7 (1.0)

Systolic blood pressure

(mmHg)

117 (12) 121 (10)

Diastolic blood pressure

(mmHg)

69 (9) 73 (8)

Mean arterial pressure (mmHg) 85 (9) 89 (8)

Patients receiving RAS-I (%) 16* (48) 18* (46)

Histological grade

Good prognosis 0* 0*

Relatively good prognosis 2* (6) 3* (8)

Relatively poor prognosis 20* (61) 23* (59)

Poor prognosis 11* (33) 13* (33)

Data are mean (SD) or *number of patients (%). Histological grade was assessed by the classifi-

cation proposed by the Special IgAN Study Group in 2004 [14]

eGFR estimated glomerular filtration rate, RAS-I renin-angiotensin system inhibitors
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disappearance of hematuria was not different between the two groups at any time

point (e.g., at 12 months, Group A, 68 %; Group B, 64 %, P¼ 0.672).

19.2.2.3 Impact of Steroid Pulses and Tonsillectomy on Clinical

Remission

The disappearance of both proteinuria and hematuria (i.e., clinical remission) did

not occur at a higher rate in Group A than in Group B at any time point (P¼ 0.160 at

10 months, P¼ 0.103 at 12 months).

19.2.2.4 Impact of Steroid Pulses and Tonsillectomy on Renal Function

eGFR remained stable throughout the trial period and was comparable between the

two groups at 12 months (Group A, 75 mL/min/1.73 m2; Group B, 69 mL/min/

1.73 m2). No patient in either group showed a 100 % increase in serum creatinine

from baseline or a 50 % decrease in eGFR from baseline or had indications for renal

replacement therapy.

No adverse effect related to tonsillectomy or general anesthesia was reported.

One patient in Group A and three in Group B developed diabetes during the trial

period, with one of these Group B patients requiring insulin therapy during the

treatment with corticosteroid. At the end of the study, blood sugar levels of all four

patients were restored to the normal range.

Fig. 19.2 Urinary protein

excretion during the trial

period. Mean values and

standard errors are

presented
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19.2.2.5 Logistic Regression Analysis

Logistic regression analysis was performed to evaluate the impact of multiple

covariates on the disappearance of proteinuria or hematuria and the occurrence of

clinical remission. Independent variables included the allocated treatment, eGFR,

mean blood pressure, urinary protein excretion, and the use of RAS-I at baseline

(Table 19.2). Only the allocated treatment had a significant and independent impact

on the disappearance of proteinuria (hazard ratio, 2.98; 95 % confidence interval,

1.01–8.83; P¼ 0.049). No independent factors were identified as achieving the

disappearance of hematuria or clinical remission.

Table 19.2 Logistic regression analysis of the impact of tonsillectomy, renal function, blood

pressure, and urinary protein excretion at baseline and after disappearance of proteinuria, hema-

turia, or both at study completion

Odds ratio 95 % CI P value

Disappearance of proteinuria

Assigned treatment 2.98 1.01–8.83 0.049

eGFR (baseline) 0.99 0.97–1.02 0.560

Mean blood pressure (baseline) 1.04 0.97–1.11 0.297

Proteinuria (baseline) 0.61 0.33–1.13 0.115

RAS-I (baseline) 0.51 0.16–1.68 0.270

Disappearance of hematuria

Assigned treatment 1.23 0.43–3.55 0.697

eGFR (baseline) 0.99 0.97–1.01 0.304

Mean blood pressure (baseline) 0.97 0.91–1.04 0.450

Proteinuria (baseline) 0.91 0.54–1.54 0.737

RAS-I (baseline) 0.95 0.29–3.13 0.930

Clinical remission

Assigned treatment 2.24 0.77–6.51 0.140

eGFR (baseline) 0.99 0.97–1.02 0.554

Mean blood pressure (baseline) 1.01 0.94–1.08 0.858

Proteinuria (baseline) 0.75 0.41–1.38 0.348

RAS-I (baseline) 0.63 0.19–2.06 0.445

Logistic regression analysis was used to determine the association of assigned treatment, eGFR,

mean blood pressure, or urinary protein excretion at baseline with the disappearance of protein-

uria, hematuria, or both (clinical remission) after 12 months of treatment with tonsillectomy plus

steroid pulse therapy or steroid pulse therapy alone after adjusting for the other covariates

CI confidence interval, eGFR estimated glomerular filtration rate, RAS-I renin-angiotensin system

inhibitors
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19.2.3 Discussion

For the first time, we performed a multicenter RCT of tonsillectomy combined with

steroid pulse therapy in patients with IgAN. The findings of the present study

indicated that the decrease in urinary protein excretion during follow-up was

significantly greater in patients receiving tonsillectomy combined with steroid

pulse therapy than in those receiving steroid pulse therapy alone, as shown by a

mixed effect model and logistic regression analysis. However, 12 months after the

initial treatment, the frequency of the disappearance of microscopic hematuria and

clinical remission was comparable between the two groups. Thus, we conclude that

tonsillectomy has no impact on the disappearance of hematuria but can have a

beneficial effect on the decrease in proteinuria of IgAN patients, at least for those

clinically comparable to the present patients. However, whether this subtle

antiproteinuric effect by tonsillectomy indeed leads to better renal outcome remains

to be elucidated.

This study had several limitations. First, the frequency of the disappearance of

proteinuria at 12 months after the initiation of the treatment was 39 % in Group B,

which was much higher than the value we expected (10 %). This unexpectedly high

incidence may have resulted in the failure to find statistical difference between the

two groups in comparison with 63 % in Group A ( p¼ 0.052). More patients should

be included for a more definitive conclusion. In addition, the unexpectedly higher

number of excluded patients in Group A lessened the power of this RCT.

Second, the follow-up period was too short to be able to assess long-term renal

survival, such as the progression of renal disease or the development of ESRD.

Indeed, none of the patients were found to reach the secondary end points. Although

the primary end points used in this study (e.g., the disappearance of proteinuria

and/or hematuria after 12 months) were surrogate markers, many previous studies

indicate that a marked reduction of proteinuria as an early response to the initial

treatment ensures stable renal function after the cessation of treatment [4, 12, 13,

16, 17]. In addition to those studies that examined the relationship between the level

of proteinuria after 12 months and the final renal outcome, Hirano et al. reported

that, in the IgAN patients receiving 6 months of steroid therapy (Pozzi’s protocol),
the achievement of proteinuria <0.4 g/day after 12 months could be a therapeutic

indicator for a favorable renal outcome [18]. Therefore, a superior antiproteinuric

effect of tonsillectomy plus steroid pulses compared with steroid pulses alone could

lead to better preservation of renal function in the long term.

Third, RAS-I was administered only in nearly half of the patients in both groups

at baseline. If all the patients were given RAS-I prior to the trial, some patients

could show proteinuria <1 g/day at baseline. The differential use of RAS-I by

different investigators could have potentially biased the results. Moreover, the

impact of RAS-I on patients who started RAS-I during the trial was not clear.

In conclusion, the results indicate that the antiproteinuric effect was significantly

greater in tonsillectomy combined with steroid pulse therapy, whereas it has no

beneficial effect over steroid pulses alone to attenuate hematuria and to increase the

incidence of clinical remission. Since the difference in the antiproteinuric effect
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was marginal (�10–15 % between the two groups), whether it improves long-term

renal outcome remains to be clarified.

19.3 Perspectives of Tonsillectomy in IgA Nephropathy

From the baseline characteristics of the patients (urinary protein excretion ranging

from 1.0 to 3.5 g/day and moderate to severe histological damage), the present RCT

excluded patients with mild IgAN. In view of the possible effectiveness of steroid

pulses alone, as revealed in the present and previous studies [12, 13], a question

remains as to whether the advantage of tonsillectomy seen in the present study is

relevant to patients with severer or milder IgAN than those in the present patients.

Concerning this issue, tonsillectomy combined with steroid pulse therapy might be

more effective in patients with advanced IgAN, as suggested by a previous report

[19], which found that renal outcome was better with tonsillectomy plus steroid

pulses in IgAN patients, particularly in patients with serum creatinine of

1.5–2.0 mg/dL. Further studies are necessary to clarify the profiles of IgAN patients

suited for treatment with tonsillectomy plus steroid pulses.

The renoprotective effect of tonsillectomy itself remains unclear, since it was

used in the combination with steroid therapy in the present RCT and previous

studies [4, 6]. The results of the RCT simply suggest the need for a larger RCT to

clarify whether tonsillectomy can protect IgAN patients from the progressive

deterioration of renal function or the relapse/recurrence of proteinuria during a

long-term follow-up. In this regard, we are now in the process of a study to follow-

up the present patients for 3 years. In addition, it is possible to examine the

GFR-preserving effect of tonsillectomy plus steroid pulses in an ongoing prospec-

tive Japanese IgA nephropathy cohort study (J-IGACS). J-IGACS started from

2005, and now, 1064 patients were enrolled by May 13th in 2015. Clinical data

sets were obtained at the time of renal biopsy and every 6 months during the follow-

up. The biopsy specimens were circulated to five renal pathologists, and both

Oxford classification [20] and Japanese histological grading [21] were determined

by the consensus of those renal pathologists. Since each of tonsillectomy plus

steroid pulses or steroid pulses alone was performed in 30–40 % of the whole

patients recruited in J-IGACS, this prospective cohort study may clarify whether

this surgical procedure has a role in IgAN in the future.
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Chapter 20

Validity of the Japanese Clinical Grade

Criteria: Results from the Nationwide

Retrospective Cohort Study in IgA

Nephropathy

Takashi Yasuda, Yoshinari Yasuda, Sachiko Ohde, Osamu Takahashi,

Tetsuya Kawamura, and Seiichi Matsuo

Abstract In 2011, Japanese Society of Nephrology determined the clinical and

histological grading criteria of IgA nephropathy (IgAN). In this study, we verify the

validity of these clinical grading criteria to predict the renal outcome using the

cohort of the Nationwide Retrospective Cohort Study in IgAN. Renal outcomes

according to this clinical grading criteria and also additional subgrading by esti-

mated glomerular filtration rate (eGFR) 60 ml/min/1.73 m2 in patients with urinary

protein (U-Prot) <0.5 g/day were analyzed in this cohort using 1055 adult patients

who was diagnosed with IgAN by the first renal biopsy between 2002 and 2004.

The primary end point was an increase of more than 50 % in serum creatinine levels

from the baseline value or end-stage renal disease. The number of patients were

401 in C-Grade I (U-Prot <0.5), 406 in C-Grade II (eGFR �60 and U-Prot �0.5),

and 248 in C-Grade III (eGFR <60 and U-Prot �0.5). There were significant

differences of the incidence of renal outcome between each group. Hazard ratio

to C-Grade I was 2.66 in C-Grade II and 11.7 in C-Grade III. In further subgrading,

the number of patients with C-Grade Ia (eGFR ≧60 and U-Prot <0.5) was 336 and

C-Grade Ib (eGFR <60 and U-Prot <0.5) was 65. Kaplan-Meier curve revealed

significant less incidence of renal outcome in C-Grade Ia, and the hazard ratio to

C-Grade I was 9.90 in C-Grade Ib, 6.63 in C-Grade II, and 29.2 in C-Grade III.
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Thus, C-Grade Ia seems to reflect far more benign prognosis grade compared with

C-Grade I. In conclusion, this study verified the validity of Japanese clinical

grading criteria to predict the renal outcome and also suggests that dividing the

patients with C-Grade I into two groups by eGFR 60 seems to predict renal

prognosis more precisely.

Keywords IgA nephropathy • Clinical grading criteria • Renal prognosis • The

Nationwide Retrospective Cohort Study in IgAN in Japan

20.1 Introduction

Immunoglobulin A (IgA) nephropathy is the most common form of primary

glomerular disease [1, 2]. Although IgAN was initially believed to represent a

benign condition, subsequent studies showed that the long-term renal prognosis was

relatively poor, and 30–40 % of patients progress to end-stage renal disease (ESRD)

within 20 years [3, 4].

Several clinical and pathological characteristics are known to determine the

progression to ESRD [5–7]. Japanese Society of Nephrology determined the clin-

ical and histological grading criteria in the “Clinical guides for immunoglobulin A

(IgA) nephropathy in Japan, third version” [8, 9]. In this criteria, the clinical grade

was classified into three gradings according to the level of urinary protein (U-Prot)

and estimated glomerular filtration rate (eGFR) at the time of renal biopsy:

C-Grade I, U-Prot <0.5 g/day; C-Grade II, eGFR �60 ml/min and U-Prot

�0.5 g/day; and C-Grade III, eGFR <60 ml/min and U-Prot �0.5 g/day. And the

combination of clinical and histological grade determined the risk for progression

to ESRD. These criteria were developed from 287 patients in a multicenter case-

control study on IgA nephropathy. Therefore, it is necessary to verify its validity.

Especially, difference of renal prognosis between the patients with eGFR �60 ml/

min and eGFR <60 ml/min among C-Grade I (U-Prot <0.5 g/day) is still in

question at state.

Until now, several treatments have been attempted to improve the prognosis of

IgAN. However, disease-specific therapy for the patients with IgAN to improve

renal prognosis has not been fully elucidated. In Japan, a combination of tonsillec-

tomy and steroid pulse therapy has been widely performed and recognized as an

effective strategy to achieve clinical remission [10, 11]. Although a recent multi-

center randomized controlled trial of tonsillectomy combined with pulse steroids in

treatment of patients with IgAN revealed benefit of decreasing proteinuria at

12 months in a significant manner compared with the patients treated with steroid

pulses alone, there was not statistical difference between the groups regarding the

frequency of the disappearance of proteinuria, hematuria, or both (clinical remis-

sion) [12]. Therefore, the effects of a combination of tonsillectomy and steroid

pulse therapy on the renal functional outcome remain to be clarified. To clarify the

effect of various treatments including a combination of tonsillectomy and steroid

pulse therapy on renal outcome, we have conducted the Nationwide Retrospective
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Cohort Study in IgAN in Japan from August 2012 and collected the data from 1171

patients with IgAN.

In this study, we verify the validity of Japanese clinical grading criteria to predict

the renal outcome using the cohort of the Nationwide Retrospective Cohort Study

in IgAN.

20.2 Materials and Methods

20.2.1 Participant Population and Measurements

In the Nationwide Retrospective Cohort Study in IgAN, we collected retrospec-

tively the data of the adult patients who was diagnosed with IgAN by the first renal

biopsy between 2002 and 2004. The time frame for registration was August 2012 to

April 2013, and various clinical data at the time of renal biopsy and every 3 months

of follow-up period were collected.

20.2.2 End Points

The primary end point in this study was an increase of more than 50 % in serum

creatinine levels from the baseline value or ESRD, which was defined by the

initiation of maintenance dialysis, renal transplantation, or uremic death.

20.2.3 Clinical Grading Criteria

In this study, we adopt two clinical grading criteria at the time of renal biopsy. One

of which, grading 1, was the clinical grade defined in the Japanese Society of

Nephrology and was classified into three gradings according to the level of U-Prot

and eGFR: C-Grade I, U-Prot <0.5 g/day; C-Grade II, eGFR �60 ml/min and

U-Prot �0.5 g/day; and C-Grade III, eGFR <60 ml/min and U-Prot �0.5 g/day. In

another clinical grading criteria, grading 2, we further divided C-Grade I (U-Prot

<0.5 g/day) into two grades according to the eGFR: C-Grade Ia, eGFR �60 ml/

min, and C-Grade Ib, eGFR<60 ml/min. We calculated survival time from the time

of renal biopsy (baseline) until occurrence of first event or end of follow-up through

August 1, 2013 in each clinical grading criteria.
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20.2.4 Statistical Analysis

The Kruskal-Wallis test and the chi-square test were used for variation analyses, as

appropriate. We calculated the cumulative probability of study end points using

Kaplan-Meier estimates and the log-rank test. Univariate Cox regression analyses

were used to investigate whether clinical grading criteria were associated with our

end points and to estimate the hazard ratios (HRs) and 95 % confidence intervals

(CIs) for clinical grading criteria. For all analyses, we considered a two-tailed

P-value <0.05 to be statistically significant. All statistical analyses were performed

using SPSS software (version 22.0, IBM Inc., Chicago, USA). The Committee on

Human Research at the St. Marianna University School of Medicine and also each

institute approved the study protocol.

20.3 Results

20.3.1 Patient Characteristics

A total of 1171 patients with IgAN were registered in the Nationwide Retrospective

Cohort Study in IgAN from 42 institutes all over Japan. In this study we selected

1055 patients with sufficient data and observation period.

In grading 1, the number of patients was 401 in C-Grade I, 406 in C-Grade II,

and 248 in C-Grade III. The age was older and their blood pressure was higher in

patients with C-Grade III compared with those with other C-Grades. The observa-

tion period was the longest in patients with C-Grade II (Table 20.1).

In grading 2, which further divided the patients with C-Grade I by the level of

eGFR 60 ml/min/1.73 m2, the number of patients with C-Grade Ia (eGFR ≧60 ml/

min/1.73 m2) was 336 and C-Grade Ib (eGFR <60 ml/min/1.73 m2) was 65. The

age was older and their blood pressure was higher in patients with C-Grade Ib

compared with those with C-Grade Ia (Table 20.2).

20.3.2 Progression to the Primary End Point

Primary end point was observed in 131 (12.4 %) patients: 12 (3.0 %) in C-Grade I,

37 (9.1 %) in C-Grade II, and 82 (33.1 %) in C-Grade III. Kaplan-Meier curve in

grading 1 group was shown in Fig. 20.1. There were significant differences of the

incidence of renal outcome between each group (log-rank test p< 0.001 between

C-Grade I and C-Grade III and between C-Grade II and C-Grade III, and P¼ 0.002

between C-Grade I and C-Grade II). Hazard ratio to C-Grade I was 2.66 (95 % CI:

1.39–5.10) in C-Grade II and 11.7 (95 % CI: 6.39–21.5) in C-Grade III.

334 T. Yasuda et al.



Difference of the incidence of renal outcome was more prominent between

grading 2 groups (Fig. 20.2). Kaplan-Meier curve revealed significant less inci-

dence of renal outcome in C-Grade Ia compared with other C-Grades (log-rank test

p< 0.001). Cox regression analysis showed that the hazard ratio to C-Grade I was

9.90 (95 % CI: 2.98–32.9) in C-Grade Ib, 6.63 (95 % CI: 2.36–18.9) in C-Grade II,

and 29.2 (95 % CI: 10.7–79.8) in C-Grade III. There was no difference of the

incidence of renal outcome between C-Grade Ib and C-Grade II (log-rank test

p¼ 0.996).

Table 20.1 Patients characteristics according to the clinical grading 1

C-Grade I C-Grade II C-Grade III P

Number of patients 401 406 248

Male/female 195:206 192:214 143:105 0.026

Age 30 31 51 <0.0001

SBP (mmHg) 120 120 136 <0.0001

DBP (mmHg) 71 72 80 <0.0001

U-Prot (g/day) 0.20 1.00 1.31 <0.0001

eGFR (ml/min) 87.8 83.7 45.4 <0.0001

Observation period (years) 5.7 7.1 4.7 0.005

In clinical grading 1, Grade I, U-Prot<0.5 g/day; Grade II, eGFR�60 ml/min and U-Prot�0.5 g/

day; Grade III, eGFR <60 ml/min and U-Prot�0.5 g/day

Data of age, SBP, DBP, U-Prot, eGFR, and observation period are shown as median

SBP systolic blood pressure, DBP diastolic blood pressure, U-Prot, urinary protein, eGFR,
estimated glomerular filtration rate

Table 20.2 Patients characteristics according to the clinical grading 2

C-Grade Ia C-Grade Ib C-Grade II C-Grade III P

Number of patients 336 65 406 248

Male/female 156:180 39:26 192:214 143:105 0.010

Age 29 56 31 51 <0.0001

SBP (mmHg) 118 130 120 136 <0.0001

DBP (mmHg) 70 79 72 80 <0.0001

U-Prot (g/day) 0.20 0.26 1.00 1.31 <0.0001

eGFR (ml/min) 92.7 49.4 83.7 45.4 <0.0001

Observation period (years) 5.6 5.7 7.1 4.7 0.013

In clinical grading 2, Grade Ia, eGFR�60 and U-Prot<0.5 g/day; Grade Ib, eGFR<60 and

U-Prot<0.5 g/day; Grade II, eGFR�60 ml/min and U-Prot�0.5 g/day; Grade III, eGFR

<60 ml/min and U-Prot�0.5 g/day

Data of age, SBP, DBP, U-Prot, eGFR, and observation period are shown as median

SBP systolic blood pressure, DBP diastolic blood pressure, U-Prot urinary protein, eGFR esti-

mated glomerular filtration rate
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20.4 Discussion

There are many studies addressing the renal prognostic factors in IgAN, and an

impaired GFR, hypertension, substantial proteinuria, and scarring on renal biopsy

specimens are well-known predictive factors [5–7, 13–15]. In 2011, the Japanese

Society of Nephrology determined the clinical and histological grading criteria in

the “Clinical guides for immunoglobulin A (IgA) nephropathy in Japan, third

version,” putting the emphasis on simplicity and convenient. In this study, there

were significant differences of the incidence of renal outcome between three groups

according to these clinical grading criteria. Thus, this study confirmed the validity

of these simple clinical grading criteria.

We further divided C-Grade I (U-Prot <0.5 g/day) into two groups by eGFR:

C-Grade Ia and C-Grade Ib (eGFR ≧60 and <60 ml/min/1.73 m2, respectively).

Although the number of patients with C-Grade Ib was quite small, they were older

and had higher blood pressure compared with the patients with C-Grade
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Ia. Furthermore, the renal prognosis was significantly poorer in patients with

C-Grade Ib compared with those with C-Grade Ia. The incidence of renal outcome

in the patients with C-Grade Ib was comparable with those with C-Grade

II. Therefore, it seems likely that C-Grade Ia and C-Grade Ib were quite different

stages of IgAN. In addition, hazard ratios for the incidence of renal outcome in

patients with C-Grade II and C-Grade III to the patients with C-Grade Ia were quite

higher compared with to the patients with C-Grade I. Thus, C-Grade Ia seems to

reflect far more benign prognosis grade compared with C-Grade I.

There are several limitations in this study. First, since the study design was

retrograde approach, there is a possibility of having many biases. Especially, the

observation period of the patients with C-Grade I was shorter than those with

C-Grade II, although the incidence of renal outcome was smaller in patients with

C-Grade I than those with C-Grade II. This fact seems to suggest that the follow-up

periods of the patients with benign clinical course were shorter than those with

worse clinical course. This results in follow-up bias. Second, many factors includ-

ing a wide variety of treatments, such as oral corticosteroid, steroid pulse therapy,

tonsillectomy and steroid pulse therapy, and antihypertensive agents, especially

renin-angiotensin system inhibitors after renal biopsy, modify the renal prognosis.

We excluded these factors in this study to clarify the prognosis at the time of renal

biopsy. In order to elucidate the effects of various treatments, further analysis using

this cohort is necessary.

By using the Nationwide Retrospective Cohort Study in IgAN, this study

verified the validity of Japanese clinical grading criteria to predict the renal

outcome and also suggests that dividing the patients with C-Grade I (U-Prot

<0.5 g/day) into two groups by eGFR 60 ml/min/1.73 m2 seems to predict renal

prognosis more precisely.
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Column 1: Spontaneous Animal Model

Hitoshi Suzuki

Despite the more than 40 years that have passed since IgA nephropathy (IgAN) was

first described, the mechanisms underlying the disease development are not fully

understood. Small-animal experimental models of IgAN can be very helpful in

studies of the disease, but the development of these models has been hindered by

the fact that only humans and hominoid primates have the IgA1 subclass. In spite of

these obstacles, several different models have been developed that may be helpful

in the study of various specific aspects of primary IgAN.

The ddY mouse strain is a model of spontaneous IgAN that develops glomeru-

lonephritis with a striking deposition of IgA in the mesangium, as well as

co-deposits of IgG, IgM, and C3 [1]. A major disadvantage of the ddY mouse

model is the high degree of variability in the age of onset and severity of the disease,

due to the strain being maintained as an outbred stock. The high-IgA (HIGA) mouse

strain was established by the interbreeding of ddY strains with high serum levels of

IgA to assess the possible correlation of serum IgA levels with the development of

IgAN [2]. These models have revealed that although HIGA mice have high IgA

levels, serum IgA levels are not associated with the severity of glomerular injury

and incidence of the disease [3]. We previously reported that ddY mice could be

classified into the early-onset, late-onset, and quiescent groups, based on analyses

of serial renal biopsies [3]. A genome-wide association study identified several

genetic loci linked with the early-onset phenotype [3]. One of the candidate loci lies

within a region of synteny with human 6q22–23 containing IGAN1, which is

implicated in familial IgAN [4]. These results suggest that IgAN in ddY mice and

in humans may be, at least partly, affected by the same susceptibility genes.
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To overcome the high degree of variability in the age of onset and severity of the

disease in the ddY mouse model, we inter-crossed early-onset ddY mice. After

selective intercrossing for >20 generations, we established a novel 100 % early-

onset grouped ddY mice model [5]. All grouped ddY mice develop proteinuria

within 8 weeks of birth. The grouped ddY mice show severe glomerular and

tubulointerstitial lesions, characterized by mesangial proliferation, mesangial

matrix expansion, and tubulointerstitial infiltrations. Glomerular cell numbers and

glomerular sclerosis scores at 8 and 24 weeks of age in female grouped ddY mice

are significantly higher than those in HIGA mice [5]. Electron microscopy showed

electron-dense deposits mainly in the paramesangial area similar to those found in

human IgAN. Immunofluorescence staining revealed glomerular deposits of IgA

with IgG and C3 co-deposits in grouped ddY mice [5].

IgAN is a polygenic disease and the clinical and histopathologic findings of

IgAN patients are heterogeneous. Moreover, molecular features of human IgA1, the

autoantigen that plays a key role in the pathogenesis of human IgAN, are different

from rodent IgA. However, it is possible to analyze selected phenotypes and

pathological pathways that are common for both the animal model and human

disease or to delineate the differences between the two. Even though murine IgA is

different from human IgA1, aberrant glycosylation of IgA tends to enhance pro-

duction of polymeric IgA and the formation of immune complexes with autoanti-

bodies in both human and murine IgAN [5, 6]. Furthermore, genetic factors, the

dysregulation of mucosal immunity, and complement factors are important for the

initiation and progression of IgAN in animal models and human disease. The

grouped ddY mouse model may be a useful tool for studies of many of these

aspects.
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Excess amounts of poorly glycosylated serum IgA1 appear to be the trigger for the

generation of glycan-specific IgG and IgA autoantibodies, resulting in the forma-

tion of circulating IgA immune complexes, which have a pivotal role in the

development of nephritis. It remains unclear where the major site of production

of poorly glycosylated IgA is. One intriguing possibility is that this IgA is derived

from displaced mucosal B cells, which have mis-homed from their mucosal induc-

tion sites to systemic sites, where they secrete polymeric, poorly glycosylated IgA

directly into circulation rather than onto mucosal surfaces. IgA plasma cells primed

in mucosal sites, such as salivary glands and tonsils, routinely traffic to the bone

marrow and back to the site of antigen encounter [7]. There is increasing evidence

for the presence of a mucosa–bone marrow axis in humans, and abnormalities in

this axis may play an important role in the development of IgA nephropathy (IgAN)

[8, 9].

Previous clinical studies indicated that the presence of large numbers of IgA1

plasma cells produced polymeric IgA in the bone marrow of IgAN patients

[8, 10]. Moreover, bone marrow transplantation (BMT) and peripheral blood stem

cell transplantation in patients with leukemia and IgAN is associated with the cure

of both leukemia and IgAN [11, 12]. These data suggest that mucosa polymeric

IgA1 may be derived from bone marrow. Imasawa et al. reported that BMT from

wild-type mice attenuated glomerular injuries in the high-IgA (HIGA) mouse, and

conversely, BMT from HIGA mice developed mesangial IgA deposition in wild-

type mice [13]. The ddY mouse is a spontaneous model of IgAN, described in my

previous column (Column 1). This model was divided into three groups by serial
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renal biopsies: early onset (~20 weeks of age), late onset (~40 weeks of age), and

quiescent groups [3]. We have confirmed that BMT from the early onset mice to the

quiescent mice resulted in the development of IgAN [6]. The early onset ddY mice

showed mesangial co-deposition of IgA and IgG and increased levels of serum

IgA-IgG2a immune complexes. Similar findings are seen in the recipient mice. On

the other hand, BMT from the quiescent mice to the early onset ddY mice improved

glomerular injuries with mesangial deposition of IgA and IgG [6].

These findings suggest that bone marrow may be a reservoir of memory cells that

produce nephritogenic IgA. These cells homed in bone marrow appear to be

essential for the continuous delivery of pathogenic IgA.
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