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Figure 3. Correlation between biomarkers, histological findings and clinical findings. The strength of correlation between biomarkers,
histological findings and clinical findings was measured by the Spearman'’s correlation coefficient. The serum level of Gd-lgA1-specific IgA correlated
with the amount of mesangial IgA deposits (A). Histological prognostic stage (Clinical Guidelines for IgA Nephropathy in Japan, second version) [17]
correlated with the urinary protein/creatinine ratio (B), and percentage of glomeruli with a crescent (C).
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Figure 4. Receiver operating characteristic (ROC) curves. (A) Discrimination between IgAN versus healthy and CKD controls for serum Gd-lgA1
and Gd-IgA1-specific 1gG levels; (B) Discrimination between IgAN versus CKD controls with immune-mediated renal disease and non-immune-
mediated renal disease for serum Gd-lgA1-specific IgG levels.
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Table 4. Statistics summarized data; Discrimination between IgAN versus healthy and CKD controls for serum Gd-lgA1 and Gd-
IgA1-specific IgG levels. ‘

Area under the ROC Asymptotic 95% Confidence Asymptotic Significance

curve (C-statistic) Interval for the C-statistic (P-value) AlCH**

Gd-IgA1-specific IgG (IgAN vs. healthy controls) ~ 0.965 0.943 0.987 1.7E-35 574

Gd-IgA1-specific IgG (IgAN vs. CKD non-immune- 0.973 0.948 0.999 1.7E-21 753
mediated renal disease*)

Gd-IgA1 (IgAN vs. healthy controls)

9.9E-16 264.6

Gd-IgA1-specific IgA (IgAN vs. healthy controls)  0.722 0.659 0.786 2.7E-09 295.6
Sp!

* CKD non-immune-mediated renal disease includes diabetic nephropathy, nephrosclerosis, interstitial nephritis and Fabry’s disease.

#* CKD immune-mediated renal disease includes lupus nephritis, membranous nephropathy, minimal change disease, membranoproliferative glomerulonephritis, other
types of non-IgAN glomerulonephritis.

**A|C: Akaike's Information Criterion.

doi:10.1371/journal.pone.0098081.t004

cohorts of IgAN cases, and some variability may also be expected Gd-IgAl-specific IgG may represent a marker of disease severity,
when the diagnosis (the time of renal biopsy and serum sampling) but its prognostic utility will require validation in independent

occurs at different stages of the disease process. prospective cohorts.

Second, in this study, we frequently observed elevated levels of We noted a substantial overlap in serum levels of individual
Gd-IgAl-specific autoantibodies in IgAN patients with normal biomarkers between patients with IgAN, CKD controls, and
serum Gd-IgAl levels. One potential explanation of these data is healthy controls. Consequently, no single biomarker was suffi-
that even when the circulating level of Gd-IgAl is normal, there ciently specific for IgAN. The levels of Gd-IgAl-specific IgG and
may be a sufficient number of galactose-deficient residues on these IgA were particularly elevated in patients with non-IgAN immune-
molecules to induce formation of pathogenic immune complexes mediated kidney disease, such as lupus nephritis in which
in the setting of elevated Gd-IgAl-specific antibodies. Further- increased propensity to auto-antibody production is well estab-
more, because the O-glycosylation defects may occur preferentially lished. Notably, some of these autoantibodies may be polyreactive,
at specific amino acid positions, [32] and the lectin-based assay is i.¢., binding to several autoantigens [33,34], thus complicating the
not able to discriminate which sites are involved, some pathogenic assay for IgAN. Our data raise a question as to whether the anti-
glycosylation defects may exist below the detection level of our Gd-IgAl autoantibodies in patients with lupus nephritis are
lectin-based method. detected as an artifact of polyreactivity or constitute pathogenic

We also found that serum levels of Gd-IgAl-specific IgA  mediators of kidney injury in non-IgAN kidney disease. Additional
correlated with the intensity of mesangial IgAl deposits, implying studies are necessary to examine this aspect of non-IgAN
that Gd-IgAl-specific IgA plays a role in glomerular deposition of ~ glomerular diseases.

IgAl-containing immune complexes. Lastly, serum levels of Gd- Another limitation of our study was that the CKD control group
IgAl-specific IgG associated with histological grading, and we did not contain sufficient numbers of patients with glomerular
detected a trend for higher serum levels of Gd-IgA1-specific IgG in disorders that are clinically difficult to differentiate from IgAN,
IgAN patients with at least moderate proteinuria (=1.0 g/g), when such as Alport syndrome, thin basement membrane disease, post-
compared to patients with less proteinuria. These data suggest that infectious glomerulonephritis or membranoproliferative glomeru-

Table 5. Statistics summarized data; Discrimination between IgAN versus immune-mediated CKD and non-immune-mediated CKD
controls for serum Gd-lgA1-specific IgG levels.

Sensitivity Specificity PPV NPV

Gd-lgA1-specific IgG (IgAN vs. all CKD controls) 89% 81% 82% 88%

Gd-lgA1-specific IgG (IgAN vs. immune-mediated CKD) 85% 67% 72% 82%

Gd-lgA1-specific IgA (IgAN vs. healthy controls) 34% 92% 81% 58%

PPV, Positive Predictive Value; NPV, Negative Predictive Value.
doi:10.1371/journal.pone.0098081.t005
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lonephritis. Because of the relative rarity of these conditions, large
multicenter studies will be required to validate our results in these
settings.

Conclusions

Serum levels of Gd-IgAl-specific antibodies are clevated in most
IgAN patients, even in the setting of normal serum level of Gd-
IgAl. Our study suggests that a panel of serum biomarkers may be
helpful in differentiating IgAN from other glomerular diseases.
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Abstract

Background The primary abnormal manifestation in
immunoglobulin A nephropathy (IgAN) is recurring bouts
of hematuria with or without proteinuria. Although
immunohistochemical analysis of renal biopsy tissue
remains the gold standard not only for diagnosis but also
for evaluating the activity of IgAN, new sensitive and
reasonably specific noninvasive tests are emerging to guide
therapeutic strategy applicable to all stages of IgAN. The
present study examined serum levels of galactose-deficient
IgA1l (Gd-IgAl) and its immune complex (IgA/IgG-IC) as
noninvasive markers for the disease activity.

Methods We enrolled 50 IgAN patients (male 40 %,
median age 37 years) showing complete or partial clinical
remission after steroid pulse therapy with tonsillectomy
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(TSP) whose clinical data and serum could be followed up
for 3-5 years.

Results Cross-sectional analysis revealed that the degree of
hematuria and proteinuria were significantly associated with
levels of Gd-IgA1l and levels of IgA/IgG-IC. Longitudinal
analysis further showed that from the group of 44 patients
with heavy hematuria before TSP, 31 patients showed com-
plete disappearance of hematuria (group A), but the remain-
ing patients did not (group B). Although the levels of Gd-
IgAl and IgA/IgG-IC in the two groups before TSP were
similar, percentage decrease of Gd-IgAl and IgA/IgG-IC
levels in group A was significantly higher than in group B.
Conclusion Disease activity of IgAN assessed by hema-
turia and proteinuria correlated with serum levels and
changes of Gd-IgA1 and IgA/IgG-IC. These new noninva-
sive disease activity markers can be useful for future
activity scoring system and guiding therapeutic approaches.

Keywords IgA nephropathy - Disease activity -
Underglycosylated IgA - Immune complex - Biomarker

Introduction

The primary abnormal manifestation of immunoglobulin A
nephropathy (IgAN) is recurring bouts of hematuria with or
without proteinuria. However, IgAN has a disease spec-
trum with many common manifestations, where mesangial
IgA immune deposits instigate glomerular damage via
unknown mechanisms [1]. From clinical practice, it is
known that approximately 30-40 % of IgAN patients
progress to end-stage kidney disease within 20 years [1, 2],
whereas 10-20 % of patients show spontaneous clinical
remission [1-5]. However, there is no definitive method for
discriminating patients with these different outcomes.
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Thus, the highly variable clinical course and unpredictable
progression of IgAN hinder its treatment strategy.

Urinary protein levels may provide acceptable indicators
of prognosis [1, 6-10). However, assessing IgAN activity
based on proteinuria should be carefully considered
because proteinuria may partly be due to secondary focal
segmental glomerulosclerosis (FSGS), known as ‘burned-
out IgAN’, depending on the timing of biopsy during the
clinical course [9]. Hematuria is the most important indi-
cator of IgAN activity [1, 6, 7], but clinical evaluation
using hematuria can be problematic because there are
limitations to its quantification because of false-positive/
negative reactions in dipstick tests. The clinical detection
of urinary casts and dysmorphic red blood cells accompa-
nying either macroscopic or microscopic hematuria clearly
indicate that urinary tract bleeding is glomerular in origin,
but they do not accurately indicate disease activity.

Immunohistochemical analysis of renal biopsy speci-
mens is the gold standard for diagnosing and evaluating
IgAN activity. However, over the prolonged clinical course
of IgAN (approximately 20 years) the histological pheno-
type is dependent on the timing of renal biopsy [11]. In
many countries, abnormalities found during urinalysis may
be overlooked or purposely not followed up by further
examination unti] renal function impairment is evident [6].
This raises a controversial issue among nephrologists of
whether to perform renal biopsy in circumstances without
renal function impairment or nephritic range proteinuria
because of a perception that a specific treatment is not yet
available. Routine screening for urinary abnormalities is
performed for all school-aged children in Japan [5, 12, 13].
Furthermore, symptom-free individuals with microscopic
hematuria are more likely to undergo renal biopsy, leading
to increased diagnosis of IgAN in Japan. However, it is a
common practice not to recommend renal biopsy for
patients presenting with isolated hematuria or mild pro-
teinuria in the UK, Canada, and the USA, where renal
biopsy is reserved for those who develop increasing pro-
teinuria or worsening renal function [6]. Differences in the
pathological variables used for renal prognosis in the Jap-
anese and Oxford classifications may partly account for the
timing of renal biopsy [14, 15]. Renal biopsies cannot be
performed frequently because of the risks involved with the
procedure and for socioeconomic reasons. Therefore, renal
biopsy is still a snapshot evaluation method and is not a
practical method for determining disease activity.

New sensitive and adequately specific noninvasive tests
are developing that may guide therapeutic strategies
applicable to all IgAN stages. Multivariable pathophysio-
logical processes may mediate IgAN initiation and pro-
gression, although IgAN is attributable to mesangial IgA or
IgA immune complex (IC) deposition. The nephritogenic
roles of galactose-deficient IgAl (Gd-IgAl) and Gd-IgAl

bound with anti-glycan IgG in an IC (IgA/IgG-IC) have
been discussed [16-20]. Berthoux et al. [21] recently
reported that Gd-IgAl and IgA/IgG-IC may have a pre-
dictive value for outcome of renal death in IgAN. We
examined these biomarkers from a perspective that is dif-
ferent from their study. The present study examined whe-
ther serum levels of these noninvasive biomarkers can be a
potential index for the disease activity of IgAN equivalent
to urinalysis, in patients with complete or partial clinical
remission after steroid pulse therapy in combination with
tonsillectomy (TSP) whose clinical data and serum were
obtained 3-5 years after TSP.

Materials and methods
Patients and treatment

IgAN diagnosis requires renal biopsy with IgA as the
dominant or co-dominant Igs in a typical mesangial distri-
bution in the absence of clinical and laboratory evidence of
systemic disease. We enrolled IgAN patients showing
complete/partial clinical remission after TSP from 1999—
2001 in Sendai Shakaihoken Hospital and who could be
followed up and whose serum could be obtained serially for
3-5 years after TSP. Clinical remission was defined as
negative proteinuria and hematuria as assessed using a
dipstick test and/or a urinary erythrocyte count of <5 cells
per high-power field during 3 consecutive visits. We defined
patients with complete remission as those who showed no
further urinary abnormalities throughout the observation
period after urinary abnormalities disappeared. Patients
who exhibited a relapse of proteinuria and/or hematuria
after remission were excluded from the complete remission
group, but were included in a partial remission group.

The steroid pulse therapy included 0.5 g methylpred-
nisolone per day for 3 consecutive days, 3 times a week, for
at least 1 week after tonsillectomy. Furthermore, 0.5 mg/
body weight (kg) prednisolone was administrated once
every 2 days for 6-12 months with a gradual tapering of
the dose within 1 year [22]. Patients who had received a
kidney transplant or who required dialysis were excluded
from this study. This study was approved by the ethics
committee of the Sendai Shakaihoken Hospital at Miyagi,
Japan, and all patients provided written informed consent.

Clinical, laboratory and pathological data

We collected the baseline clinical data immediately before
TSP, while qualitative hematuria and proteinuria data and
serum were collected at a minimum of three time points,
i.e., immediately before, 1 year after, and 3-5 years after
TSP. Baseline clinical data (age, sex, duration from onset

@ Springer
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to tonmsillectomy, systolic blood pressure, total protein,
albumin, blood urea nitrogen, serum creatinine, creatine
clearance rate [CCr], quantitative proteinuria, amount of
proteinuria, and quantitative hematuria) and histological
findings were collected from hospital medical records. CCr
was calculated based on the mean 24-h urine collection and
adjusted for body surface area. Hematuria was evaluated by
both dipstick and microscopy in about 70 % of evaluation
points, while dipstick evaluation was carried out in all
points. Since there was clear correlation in hematuria
between both methods, we used quantitative data by dip-
stick analysis for this study. The histological findings were
evaluated based on the index of the glomerular lesion
(IGL), as previously reported [23]. IGL is a histological
score which is graded from 0—4 with a modification to
evaluate sclerotic changes.

Measurement of serum Ig, Gd-IgA1l and IgA/IgG-IC
by ELISA

We measured serum Ig, Gd-IgAl, and IgA/IgG-IC at the
same time, with all stock serum samples taken immediately
before, 1 year after, and 3-5 years after TSP.

Serum IgA and IgG levels were determined using cap-
ture ELISA [17, 24]. ELISA plates were coated with 1 pg/
ml of the F(ab’), fragment of goat IgA specific for human
IgA and IgG (Jackson Immuno Research Laboratories Inc.,
West Grove, PA, USA). The captured Igs were then
detected using a biotin-labeled F(ab’), fragment of goat
IgG anti-human IgA, or IgG antibody (BioSource). Avidin-
conjugated horseradish peroxidase (ExtrAvidin; Sigma-
Aldrich) and peroxidase chromogenic substrate o-phenyl-
enediamine/H,0, (Sigma-Aldrich) were then added. The
color reaction was stopped with 1 M sulfuric acid, and the
absorbance was measured at 490 nm using the EL312
BioKinetics Microplate Reader (BioTek). The results were
calculated using DeltaSoft III software (BioMetallics).

High-adsorption polystyrene 96-microwell plates (Nalge
Nunc International, Rochester, NY, USA) were coated
overnight with 2.5 pg/ml F(ab’), fragments of goat IgG
anti-human IgA (Jackson Immuno Research Laboratories)
in phosphate-buffered saline (PBS). Coated plates were
blocked with 2 % bovine serum albumin (BSA; Sigma-
Aldrich) in PBS containing 0.05 % Tween-20 (PBST) and
serial two-fold dilutions of duplicate samples and standards
in blocking solution were incubated overnight at 4 °C. The
captured IgA was subsequently desialylated by treatment
for 3 h at 37 °C with 10 mU/ml neuraminidase (Roche) in
10 mM sodium acetate buffer (pH = 5). Samples were
then incubated for 3 h at 37 °C with GalNAc-specific
biotinylated HAA lectin (Sigma-Aldrich) diluted 1:500 in
blocking buffer [16]. The bound lectin was detected with
avidin-conjugated horseradish peroxidase and the reaction

@ Springer

was developed as described above. HAA reactivity of IgAl
of each sample was calculated as the optical density (OD)/
1 pg of IgA. Gd-IgAl (Ale) purified from the plasma of a
patient with IgAl multiple myeloma was treated with
neuraminidase and used as the standard [16, 18].

Serum IgA/IgG-IC was determined using cross-capture
ELISA [25]. High-adsorption polystyrene 96-microwell
plates were coated with 1 pg/ml F(ab’), fragments of goat
anti-human IgG (Jackson Immuno Research Laboratories).
After washing and blocking with 1 % BSA in PBST,
samples were diluted 11-fold with the same buffer. The
captured Ig was detected with a horseradish peroxidase
(HRP)-labeled F(ab’), fragment of goat IgG anti-human
IgA (BioSource) and the reaction was developed as
described above.

Statistical analysis

Statistical analysis was performed using Stata version 11
(StataCorp, College Station, TX, USA). Normally distrib-
uted continuous variables were expressed as the
mean £ SD and compared using the Student’s ¢ test. Non-
normally distributed continuous variables were expressed
as the median (interquartile range) and compared using the
Mann-Whitney U test. Categorical variables were expres-
sed as numbers (proportions) and analyzed using the chi-
squared test or Fisher’s exact test. The trend for each value
was analyzed using the Jonckheere—Terpstra [26] test. All
probability values were 2-tailed and all confidence inter-
vals were computed at the 95 % level.

Results
Patient characteristics

In this study, we enrolled 50 IgAN patients with complete
or partial clinical remission after TSP. The basic charac-
teristics of the enrolled patients (N = 50) whose clinical
parameters could be collected are summarized in Table 1.
The study population included 40 % males with a median
age of 37 years. The average CCr and urinary protein
excretion levels were 98.2 ml/min and 0.54 g/day,
respectively. A total of 52 % of the patients had complete
clinical remission after TSP. Only the duration from onset
to tonsillectomy was significantly different among patients
with complete or partial remission after TSP (Table 2).

Cross-sectional analysis
We first performed cross-sectional analysis to evaluate

potential correlation between severity of hematuria or
proteinuria and serum levels of Gd-IgAl or IgA/IgG-IC
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Table 1 Clinical background of IgAN patients

Table 2 Clinical background and course of complete and partial

Number of patients (N = 50)

remission groups

Complete Partial remission
Age 37 (25-48) remission (N = 24)
Sex (male %) 20 (40.0 %) (N = 26)
Onset to tonsillectomy (years) 2.0 (1.0-4.0) Age 32,0 (24-43) 405 (28.5-50) 0.13
SBP (mmHg) 122.3 205 Sex (male %) 13 (50 %) 7292 %) 0.13
TP (g/dD) 68057 Onset to 1.0 (1.0-3.0) 3.0 (2.0-4.0) 0.02
Albumin (g/dl) 42 4 041 tonsillectomy
BUN (mg/dl) 15458 (years)
S-Cre (mg/dl) 0.82 = 0.34 SBP (mmHg) 122.4 4 20.2 1235 £ 214 0.85
CCr (ml/min) 98.2 + 26.8 TP (g/dD) 6.8 4 0.51 6.8 & 0.64 0.7
UP (dipstick) 345 13, 245 8, 145 19, == or —: 10 Albumin (g/dl) 4.3 £ 0.36 4.1 £ 044 0.13
UP (g/day) 0.54 (0.3-1.3) BUN (mg/dl) 13.8 +37 16.1 £ 7.4 0.18
U-OB (dipstick) 35 27, 245 17,1403 4, 4 2 CCr (ml/min) 103.3 4= 24.2 92.8 4 28.8 0.06
IGL score 1.47 (1.3-1.99) UP (g/day) 0.45 (0.3-1.0) 0.75 (0.36-1.45) 0.19
Gd-IgAl (units/mg IgA) 117.3 4 45.6 IGL score 1.40 (1.29-1.79) 1.62 (1.35-2.2) 0.18
IgA/IgG-IC (OD) 0.81 & 0.31 S-Cre (mg/dl)
Continuous data are presented mean = SD or median [IQR], and Baseline 0.77 £ 0.19 0.82 £ 0.41 0.87
categorical data as number of patients (%) 1 year 0.78 £ 0.24 0.84 £ 043 0.56
SBP systolic blood pressure, BUN blood urea nitrogen, S-Cre serum 3-5 year 0.77 £ 0.26 091 4 0.70 0.34
creatinine, CCr creatinine clearance, UP urinary protein, U-OB uri- UP (dipstick)
nary occult blood, IGL index of the glomerular lesion, 7P total protein Baseline 3417, 245 2, 14 343 6,24 6, 14+;  0.17

9, kor —; 8 10, L or —; 2
(Fig. 1). Significant correlations were observed for serum 1 year 2451, 14,6, or 246, 14;7,+or  0.01
Gd-IgAl levels and severity of hematuria (P for - 19 - 11
trend = 0.002) and proteinuria (P for trend = 0.035). 3-5 year +or —; 26 345 1, 245 6, 145 <0.001
Furthermore, significant correlations were observed for T, = or —; 10
IgA/IgG-IC levels and severity of urinary findings (hema- ~ UOB (dipstick)
turia; P for trend <0.001, proteinuria; P for trend <0.001). Baseline 34311, 24513, 3+ 16,245 4, 0.23
143 1, kor —; 1 1+;3, +or—; 1
Longitudinal analysis of patients with hematuria 1 year 3; i ff _Zzi+ 3;5 i (2)r+ ——1111+ ool
. . . 3-5 year =+ or —; 26 3452, 243 4, 14;  <0.001

We divided the 44 patients (91.7 %) with heavy hematuria 8, + or —; 10

of >2+ by dipstick before TSP into group A [31 patients
(64.6 %) with complete remission of hematuria] and group
B (remaining patients who retained hematuria during the
3-5-year follow-up period) (Fig. 2a). There was no sig-
nificant difference in serum Gd-IgAl and IgA/IgG-IC
levels before TSP in both groups [group A vs B, Gd-IgAl

(U/mg IgA); 122.1 4= 48.0 vs 107.7 £ 43.0, P = 0.36,

IgA/IgG-IC (OD); 0.77 £ 0.31 vs 0.85 + 0.29, P = 0.43].
Group A patients had a significantly higher percentage
decrease in Gd-IgAl (P =0.021) and IgA/IgG-IC
(P = 0.016) serum levels after TSP than group B patients
(Fig. 2b).

Longitudinal analysis of patients with proteinuria

We then divided the 38 patients (79.2 %) with proteinuria
before TSP into groups C (N = 25) and D (N = 13), with
or without proteinuria 3-5 years after TSP, respectively
(Fig. 3a). There was a significant difference in serum Gd-

Continuous data are presented mean = SD or median [IQR], and
categorical data as number of patients (%). P based on complete
remission and partjal remission comparison

SBP systolic blood pressure, BUN blood urea nitrogen, S-Cre serum
creatinine, CCr creatinine clearance, UP urinary protein, U-OB uri-
nary occult blood, IGL index of the glomerular lesion, TP total protein

IgA1 levels, but not in IgA/IgG-IC levels, before TSP in
both groups [group C vs D, Gd-IgAl (U/mg IgA);
1022 £ 37.6 vs 1333 414, P = 0.03, IgA/IgG-IC
(OD); 0.81 £ 0.30 vs 0.98 £ 0.33, P = 0.11). Cross-sec-
tional analysis indicated significant correlations between
proteinuria severity and serum Gd-IgAl and IgA/IgG-IC
levels. However, the percentage decreases in Gd-IgAl
(P = 0.87) and IgA/IgG-IC (P = 0.52) serum levels after
TSP were not significantly different between the 2 groups
(Fig. 3b).

The average percentage decrease in IgA/IgG-IC levels
before and after 3-5 years was 20 £ 17 in all patients.
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Fig. 1 Cross-sectional analysis of the correlation between severity
of hematuria/proteinuria and serum Gd-IgAl or IgA/IgG-IC levels.
Significant correlations were found between serum Gd-IgAl levels
and hematuria (U-OB) and proteinuria (U-P), as determined by

Next, we divided the patients according to the average
percentage decrease in IgA/IgG-IC serum levels before
TSP and 3-5 years after TSP into large delta IC (>20) and
small delta IC (<20) groups, and analyzed laboratory data
for the patients in the large delta IC group. In this large
delta IC group (N = 25; 50 %) of patients who had a
greater than average percentage decrease (>20) in IgA/
IgG-IC serum levels, proteinuria after 3-5 years was per-
sistent only in 4 patients (16 %) who had severe sclerotic
glomerular lesions before TSP (data not shown).

Discussion

This is the first report to demonstrate that assessment of
IgAN activity based on urinary abnormality correlates with
changes in serum levels of Gd-IgAl and IgA/IgG-IC. This
study indicates that Gd-IgAl and IgA/IgG-IC could be
extremely useful components for evaluation of IgAN
activity in a noninvasive manner.

Annual routine screening for urinary abnormalities is
conducted in school-aged children to adults in Japan [12,
13], and these screening procedures markedly increase the
percentage of early stage IgAN patients presenting with
microscopic hematuria and the overall IgAN prevalence.
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dipstick tests. Furthermore, significant correlations were also detected
between serum IgA/IgG-IC levels and severity of urinary findings [1;
(— or £), 2; (14), 3; (2+), 4; (3+) on x axis]

Indeed, chance microscopic hematuria is a leading event
for renal biopsy in Japan [5, 7-10, 12, 13]. This observa-
tion suggests that hematuria is an initial manifestation of
early stage IgAN and a primary manifestation of active
IgAN. Recent studies revealed abnormalities of IgAl
glycosylation and formation of autoantibodies to these
aberrantly glycosylated IgA1 molecules as key factors in
the pathogenesis of IgAN [17-20]. Excessive production
of IgAl is an unlikely sole cause of glomerular IgA,
because in IgA myeloma patients IgA rarely deposits in the
kidney. Furthermore, only approximately one-third to a
half of IgAN patients have increased IgA levels [1, 27, 28].
Thus, a structurally, immunologically, or physicochemi-
cally abnormal IgAl molecule, such as Gd-IgAl, pro-
duced by IgAN patients, has been considered as a possible
cause of glomerular IgA deposition. Indeed, serum Gd-
IgAl levels are elevated in IgAN patients where they are
mainly regulated by genetic and environmental factors
[16, 20, 29]. However, the clinical association between
Gd-IgAl levels and their clinical manifestation has not
been completely evaluated. It is notable that serum Gd-
IgAl levels correlated with severity of hematuria. In
addition, the disappearance or improvement of hematuria
after TSP correlated with a decrease in serum Gd-IgAl
levels. These findings indicate that formation of Gd-IgAl
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Fig. 2 Longitudinal analysis of patients with hematuria. Forty-four
patients with heavy hematuria of >2+ in dipstick tests before TSP
were divided into group A, which contained 31 patients with complete
remission of hematuria, and group B, which contained the remaining
patients who retained hematuria, during the 3-5-year follow-up
period (a). Group A patients had a significantly higher percentage
decrease in both serum Gd-IgAl (P = 0.021) and IgA/IgG-IC
(P = 0.016) levels than group B patients (b)

and Gd-IgAl-containing IC are key steps in the patho-
genesis of IgAN, leading to glomerular deposition of these
complexes and development of glomerular injury with
subsequent hematuria [20]. However, specific serum Gd-
IgAl levels were still detected, even in patients who
experienced complete remission after TSP. The absolute
amounts of serum Gd-IgAl were also independent of
severity of hematuria before TSP. Therefore, threshold
levels of Gd-IgA1 that induce hematuria may differ among
individuals. Notably, elevated levels of Gd-IgAl have
been reported also in healthy relatives of IgAN patients
[29], suggesting heterogeneity of Gd-IgAl itself for the
induction of glomerular damages.
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Fig. 3 Longitudinal analysis of patients with proteinuria. Thirty-
eight patients with proteinuria before TSP were divided into groups C
and D, with or without proteinuria 3-5 years after TSP (a). Cross-
sectional analysis revealed significant correlations between severity of
proteinuria and serum Gd-IgAl and IgA/IgG-IC levels, but the
percentage decrease in serum Gd-IgA1l and IgA/IgG-IC levels did not
differ between the groups (b)

The production site of nephritogenic Gd-IgA1l remains
unclear, although there are some emerging clues. For
example, we noted that hematuria in some IgAN patients
improved after tonsillectomy alone and this improvement
was associated with decreased serum Gd-IgAl levels
(Suzuki Y et al., unpublished data). We previously reported
on an animal model of IgAN in which the mucosal acti-
vation of Toll-like receptor 9 (TLR9) was involved in
IgAN pathogenesis [30, 31]. Furthermore, we reported that
a single nucleotide polymorphism of TLRY was linked with
IgAN progression in humans [30]. Another recent study
demonstrated that IgAN patients whose serum IgA levels
decreased to more than average after tonsillectomy alone
(large AlgA) showed a significantly higher mRNA
expression of TLR9 in the tonsils than IgAN patients with a
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smaller decrease (small AlgA) in these levels [32]. These
findings suggest that nephritogenic Gd-IgAl may be pro-
duced in the tonsils and that this production may involve
TLRY activation [33]. This conclusion is consistent with
the observation that tonsillar TLR9 expression was ele-
vated in IgAN patients whose serum Gd-IgAl levels
decreased significantly after tonsillectomy alone (Suzuki Y
et al., unpublished data).

Increased IgA-IC levels were found in a large number of
IgAN patients [27, 34]. A significant number of IgAN
patients have an IC that contains both IgAl and IgG [19,
35]. Mixed complexes with different Ig isotypes may
emerge, at least in part, from specific Ig-anti-Ig interac-
tions. Such an interaction could partly be the result of
idiotype—anti-idiotype recognition, the presence of IgA
rheumatoid factor (an IgA autoantibody specific to the Fc
region of IgG), or IgG-anti-IgA as well as IgAl anti-gly-
can antibodies [24]. Indeed, idiotype-positive antibody
levels correlated with the clinical status of IgAN patients,
as defined by their urinary abnormalities [36]. Recently, it
was suggested that IgAN is characterized by a circulating
IC composed of Gd-IgAl and a glycan-specific IgG anti-
body. Suzuki et al. [18] reported that serum glycan-specific
IgG antibody levels could differentiate between IgAN
patients and healthy or diseased controls, with 88 %
specificity and 95 % sensitivity. In addition, increased
levels of this antibody in sera of IgAN patients correlated
well with proteinuria. This study evaluated serum IgA/IgG-
IC levels, and our findings regarding proteinuria and IgA/
IgG-IC levels are consistent with previous studies [18, 35].
O-linked carbohydrates in the hinge region of IgAl con-
siderably affect IgAl reactivity with such glycan-specific
autoantibodies, and the subsequent IC formation may incite
glomerular damage, leading to proteinuria and hematuria
[18]. Gharavi et al. [29] reported that blood relatives of
IgAN patients had increased serum Gd-IgAl levels even in
the absence of nephropathy, suggesting that additional
events may be required for complete IgAN progression.
Thus, IC formation with Gd-IgA1l and glycan-specific IgG
antibody may be one of the second ‘hit’ events [18, 20]. It
is generally known that higher molecular ICs have a higher
phlogogenic capacity via the activation of Fc receptors
[37]; hence, serum IgA/IgG-IC levels may correlate with
severity of glomerular damage leading to proteinuria better
than Gd-IgA1 alone. These facts are consistent with present
findings in a cross-sectional analysis that serum levels of
IgA/TgG-IC were more correlated with severity of urinary
abnormalities than those of Gd-IgAl.

In conclusion, we showed in this study that disease
activity assessment by hematuria and proteinuria correlated
with changes in serum Gd-IgA1 and IgA/IgG-IC levels in
most IgAN patients, providing novel value for these new
noninvasive and real-time disease activity markers.

@ Springer

Although further validation with a larger cohort will be
required, clinical application, such as IgAN activity score
or risk score, with these markers as principal components
could be extremely useful for guiding the therapeutic
approaches applicable in all stages of IgAN.
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Abstract

Background A wide variety of treatments, including
tonsillectomy and steroid pulse therapy (TSP), are per-
formed for the various stages of IgA nephropathy (IgAN)
in Japan. However, the current status of treatments for
IgAN patients in Japan is still unclear. The objective of the
present study was to investigate the current status of
treatments for IgAN patients.

Methods A nationwide survey was conducted in 2008 by
sending questionnaires to the 1,194 teaching hospitals of
the Japanese Society of Nephrology (JSN) via Progressive
Renal Diseases Research, Research on intractable disease,
from the Ministry of Health, Labour and Welfare of Japan.
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Results Among the total 376 hospitals (314 %) 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. The following two major steroid pulse protocols in TSP
were used: (1) three cycles over 3 consecutive weeks and (2)
three cycles every 2 months. Approximately 68 % of pediatric
hospitals (68 hospitals) performed combination therapy with
prednisolone, azathioprine, heparin-warfarin and dipyridam-
ole. The clinical remission rates for hematuria and proteinuria
after TSP tended to be higher than those following other cor-
ticosteroid therapies. Almost all hospitals prescribed anti-
platelet agents and renin angiotensin system inhibitor (RAS-I).
Conclusion In addition to popular treatments such as
antiplatelet agents and RAS-I, TSP is becoming a standard
treatment for adult IgAN patients in Japan.

Keywords IgA nephropathy - Nationwide survey -
Questionnaire survey - Tonsillectomy and steroid pulse
therapy

Introduction

IgA nephropathy (IgAN) is the most common primary
chronic glomerulonephritis in the world, and is recognized as
one of the major causes of end-stage kidney disease (ESKD)
[1-5]. Although IgAN was initially believed to represent a
benign condition, recent studies [6] have shown that
3040 % of patients progress to ESKD within 10-25 years
from its apparent onset. Therefore, treatment strategies to
decrease the risk of IgAN progressing to ESKD would have
substantial health benefits [7]. However, disease-specific
therapy for IgAN patients has not been established because
the pathogenesis of IgAN is still a matter of debate.
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As annual check-ups including urinalysis are well
established in Japan, patients in various stages of IgAN can
be managed and are provided a wide variety of treatments.
Oral corticosteroid, steroid pulse therapy, tonsillectomy
and steroid pulse therapy (TSP), antihypertensive agents,
immunosuppressants, antiplatelet agents and anticoagu-
lants are listed in the regional guidelines of Japan [8].

Corticosteroid therapy is now a popular treatment for
IgAN patients after being first reported by Kobayashi [9].
Although the clinical value of intravenous steroid pulse
therapy was demonstrated by Pozzi et al [10], no consensus
exists for the corticosteroid dose and administration route
(oral or intravenous infusion). TSP has recently become a
popular standard treatment in Japan. However, the current
status of IgAN treatment in Japan is still unclear because
no nationwide study has been conducted. Thus, we con-
ducted a nationwide survey using a questionnaire through
the Progressive Renal Diseases Research, Research on
intractable disease, from the Ministry of Health, Labour
and Welfare of Japan.

Methods

We sent questionnaires by mail to 1,194 hospitals (Internal
Medicine, 803; Pediatrics, 391), which are teaching hospi-
tals in the Japanese Society of Nephrology (JSN), between
October 30 and December 27 in 2008. The questionnaire
covered treatment details provided for IgAN and their
outcomes (Table 1).

Results

A total of 376 hospitals (31.4 %) (Internal Medicine 284;
Pediatrics 92) responded. The mean number of beds in
these hospitals was 581.

Tonsillectomy and steroid pulse therapy (TSP)

A total of 188 internal medicine hospitals (66.2 %) stated
that they had performed TSP. Steroid pulse therapy was
always combined with tonsillectomy in 72 (38.3 %) hos-
pitals. The starting year for TSP is shown in Fig. 1. The
annual number of patients who received TSP treatment
ranged widely from 1 to 200 patients per year. Steroid
pulse therapy using 500-1,000 mg/day (or 20-30 mg/kg/
day) methylprednisolone (m-PSL) was performed using the
following two major protocols; (1) three times over 3
consecutive weeks (47.8 %), and (2) three times every
2 months (18.9 %). The number of steroid pulses varied
at each hospital (24 hospitals, once; 12 hospitals, twice;
92 hospitals, three times). In total, 179 hospitals (80.2 %)
did not change the protocol for each patient. Almost all
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facilities prescribed oral prednisolone after the steroid
pulse therapy. A total of 141 hospitals (63.2 %) had criteria
for tapering oral prednisolone. The most cited indication
for the therapy was the histological findings (164 hospitals,
87.2 %), and other indications were proteinuria grade (156
hospitals, 83.0 %), disease activity (104 hospitals, 55.3 %),
hematuria grade (56 hospitals, 29.8 %) and duration from
onset (38 hospitals, 20.2 %). In addition, 109 hospitals
(48.9 %) performed TSP if the patients wanted and the
doctors judged to need the treatment. Figures 2 and 3 show
the clinical remission rates for hematuria and proteinuria.
The most frequent remission rate ranged from 60 to 80 %.
Table 3 shows the routine examination before TSP, con-
comitant drugs and adverse effects.

Steroid pulse therapy without tonsillectomy

A total of 192 hospitals (51.1 %) performed steroid pulse
therapy without tonsillectomy (Table 2). Most of the hos-
pitals (183 hospitals, 95.3 %) performed steroid pulse
therapy for less than 10 patients annually. Only six hospitals
performed steroid pulse therapy for more than 11 patients
per year. The main protocol of steroid pulse therapy was
500-1,000 mg/day m-PSL. for 3 consecutive days. The
number of times steroid pulses were varied among hospitals
(34 hospitals, once; 31 hospitals twice; 65 hospitals, three
times). The most cited indication for this therapy was his-
tological findings and proteinuria grade (137 hospitals,
71.4 %), and other indications were disease activity (97
hospitals, 50.5 %), hematuria grade (30 hospitals; 15.6 %)
and duration from onset (22 hospitals, 11.5 %). All hospi-
tals prescribed oral prednisolone after the steroid pulse
therapy. In total, 102 hospitals (53.1 %) had criteria for
tapering oral prednisolone. Although the clinical remission
rate for hematuria ranged between 60 and 80 % (Fig. 2), the
remission rate for proteinuria was ranged between 0 and
20 % (Fig. 3). Table 3 shows the routine examinations
performed before the steroid pulse therapy without tonsil-
lectomy, concomitant drugs and adverse effects.

Oral corticosteroid monotherapy
(including combination therapy)

A total of 184 hospitals (48.9 %) performed oral cortico-
steroid monotherapy (Table 2). Most of the hospitals (149,
81.0 %) performed this therapy for less than 10 patients
annually, and only 10 hospitals performed it for more than
11 patients. The most frequent initial dose in the internal
medicine and pediatric departments was 21-40 and
1-2 mg/kg/day, respectively. The most frequent duration
of medication was 24 months (54 hospitals, 28.7 %), and
the duration of medication varied in each hospital.
Seventy-four hospitals (40.2 %) had tapering criteria, and
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Table 1 Questionnaire

1 good prognosis group, 2
relatively good prognosis group,

Q1 Check all the following treatments used in your hospital

a. Tonsillectomy and steroid pulse therapy (TSP)

b. Steroid therapy (steroid pulse without tonsillectomy
or oral steroid monotherapy)

c. Antiplatelet agents

d. Angiotensin-converting enzyme inhibitor (ACE-I) or
angiotensin receptor blocker (ARB)

e. Other therapies

Q2 Tonsillectomy and steroid pulse therapy (TSP)
Q2-1 When did you start TSP for IgA nephropathy patients in
your hospital?
Q2-2 To how many patients did your department administer
TSP during the last year?
Q2-3 What is the standard protocol for TSP in your hospital?
Q2-4 Do you have a treatment criteria?
If you answered yes, please check the following criteria.
a. Amount of proteinuria
b. Degree of hematuria
c. Histological grade 1, 2, 3, 4*
d. Activity
e. Duration of onset
Q2-5 If the patient wants this treatment, do you perform
it in all cases?
Q2-6 Do you modify the treatment protocol in each patient?
If you answered yes, how did you modify the protocol?

Q2-7 On an average, how long do you use oral steroids after
steroid pulse therapy?

Q2-8 What are the criteria of the tapering oral steroid?
Q2-9 What is the remission rate of hematuria one year after
treatment?

QQ2-10 What is the remission rate of proteinuria one year after
treatment?

Q2-11 Do you perform routine examinations during the time of
steroid therapy?

a. General blood examination (blood cell counts,
biochemistry, fasting blood sugar)

b. Blood pressure
c. Upper gastrointestinal endoscopy
d. Bone densitometry
e. Bone metabolism makers
f. Ophthalmologic examination
Q2-12 What concomitant drugs do you use?
(e.g., H2 blocker, proton-pump inhibitor,
bisphosphonates, vitamin D3, vitamin K2, antiplatelet

Q3 Steroid therapy

(steroid pulse therapy without tonsillectomy and oral
corticosteroid monotherapy)

Steroid pulse therapy without tonsillectomy

Q3-1,2,3 (same as Q2-2,3,4)

Q3-4 What is after treatment of steroid pulse therapy?
Q3-5,6,7,8,9,10 (same as Q2-8,9,10,11,12,13)

Oral corticosteroid monotherapy

Q3-11 to 20 (same as Q3-1 to Q3-10)

Q4 Antiplatelet agents

Q4-1 (same as Q2-4)

Q4-2 How often do you use antiplatelet agents?

a. 75%-100%, b. 50%-74%, c. 25%~49%, d. 0%—-24%
Q4-3 When do you discontinue?

a. Before surgery

b. Appearance of adverse effects

c. Disappearance of hematuria

d. Disappearance of proteinuria

Q4-4 Do you perform routine examinations at the time
of using the antiplatelet agents?

Q4-5 What drugs do you use for concomitant therapy?

Q4-6 What adverse effects have you ever experienced due to this
treatment?

Q5 Angiotensin-converting enzyme inhibitor

(ACE-D) or angi in receptor blocker (ARB)

Q5-1 (same as Q4-2)

Q5-2 Do you have a specific criteria for their use?

Q5-3 (If you answered yes in Q5-2)

In what cases do you use ACE-I/ARB?

a. Urinary findings and hypertension

b. Only proteinuria

c. Only hypertension

Q5-4 What is the rate of ACE-I or ARB use?

Q5-5 If you can separate the use of ACE-I and ARB,

what are the criteria for that?

a. Nothing particular

b. Drug price

c. Adverse effect

d. Dose

e. Others

Q5-6 Do you use combination therapy with ACE-I andARB?
Q5-7 Do you have an indication of the concurrent therapy?

3 relatively poor prognosis agents)

group, 4 poor prognosis group of this treatment?
*Criteria for histological

grading from IgA nephropathy

(IgAN) clinical guidelines in

Q2-13 What adverse effects have you ever experienced because

a. Nothing particular

b. Urinary protein

c. Blood pressure

d. Others

Q5-8 How many doses do you use ?
Q5-9 (same as Q4-6)

Japan

68 hospitals (68.5 % in pediatric hospitals) provided a
combination therapy of prednisolone, azathioprine, heparin-
warfarin and dipyridamole. The most cited indication for this
therapy was the proteinuria grade (140 hospitals; 76.1 %).
Other indications included histological findings (129 hospi-
tals, 70.1 %), disease activity (93 hospitals, 50.5 %), hema-
turia grade (31 hospitals, 16.8 %) and duration from onset (19
hospitals, 10.3 %). The most frequent clinical remission rate
of hematuria was 40—60 % (Fig. 2), and that of proteinuria
was 0-20 % (Fig. 3). Table 3 shows the routine examina-
tions performed before oral corticosteroid monotherapy,
concomitant drugs and adverse effects.

Antiplatelet agents

A total of 351 hospitals (93.4 %) prescribed anti-
platelet agents (Table 2). The majority of hospitals (188;

53.6 %) prescribed the antiplatelet agents in all cases. The
prescription rate in each hospital is shown in Fig. 4. The main
reason for discontinuation was scheduled surgery (313 hos-
pitals, 89.3 %). The routine examination before this treat-
ment was mainly a general blood examination. Major adverse
effects were headache and gastrointestinal symptoms.

Renin-angiotensin system inhibitor (RAS-I)

A total of 371 hospitals (98.7 %) prescribed RAS-I
(Table 2), but 226 hospitals (60.1 %) did not have criteria
for this treatment. The prescription rate is shown in Fig. 5.
Most hospitals did not have clear criteria for the choice
between angiotensin-converting enzyme inhibitor (ACE-I)
and angiotensin receptor blocker (ARB), and 218 hospitals
(58.8 %) prescribed concurrently ACE-I and ARB. The
most indicated criteria for the combination was proteinuria
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160 Table 2 Number of hospitals for each treatment
140 Total (%) Internal medicine Pediatrics
= 120 n =376 (%) n =284 (%) n =92
% 100 TSP 223 (59.3) 188 (66.2) 35 (38.0)
= Steroid pulse 192 (51.1) 159 (56.0) 33 (35.9)
E 80 ) monotherapy
é 60 Oral corticosteroid 184 (48.9) 156 (54.9) 28 (30.4)
3 monotherapy”
e Antiplatelet agents 351 (93.4) 275 (96.8) 76 (82.6)
20 RAS-I 371 (98.7) 283 (99.6) 88 (95.7)
0

before 1993 1994-1998 1999-2003

(year)

2004-2008

Fig. 1 Starting year for tonsillectomy and steroid pulse therapy
(TSP). TSP spread rapidly in Japan from 2004 to 2008

p243
o«

w 0-20%
@ 21-40%
o 41-60%
0 61-80%
2 81-100%

&

(Number of hospitals)
8 2

b
=4

Oral corticosteroid
monotherapy

TSP Steroid pulse
monotherapy

Fig. 2 Clinical remission rate for hematuria based on treatment. The
clinical remission rate for hematuria in many hospitals using TSP was
higher than that after steroid pulse without tonsillectomy or oral
corticosteroid monotherapy

B 0-20%
@ 21-40%
0 41-60%
£ 61-80%
2 81-160%

(Number of hospitals)

Oral corticosteroid

Steroid pulse
TSP monotherapy

monotherapy

Fig. 3 Clinical remission rate of proteinuria based on the treatment.
The clinical remission rate for proteinuria using TSP was higher than
that using steroid pulse without tonsillectomy or oral corticosteroid
monotherapy

(160 hospitals, 73.4 %) and blood pressure (94 hospitals,
43.1 %). Adverse effects include hyperkalemia, elevation
of serum creatinine, hypotension, dizziness and dry cough.

@ Springer

TSP tonsillectomy and steroid pulse therapy, RAS-I renin—-angiotensin
system inhibitor

* Including combination therapy (prednisolone, azathioprine, hepa-
rin-warfarin, and dipyridamole)

Discussion

A wide variety of treatments for IgAN exist in Japan
because various stages of disease can be observed and
managed. The current treatment situation has been unclear
until now because no nationwide study has been conducted
regarding IgAN treatment. The present study assessed the
precise situation of treatment for IgAN in Japan.

TSP was first reported by Hotta et al. [11] in 2001. Many
clinical studies on TSP have been reported from Japan
since 2001 [12-14]. Miura et al. conducted a multicenter
retrospective cohort study, and reported that TSP was
effective for patients with early-stage IgAN if performed
within 5 years of onset and for those who have daily pro-
teinuria <1.1 g and serum creatinine <1.5 mg/dl [15].
However, the details of TSP (protocols, indication, clinical
remission rate, etc.) varied in each report, and the current
TSP situation was thus unclear. Our results show that
almost 70 % of internal medicine hospitals performed TSP.
Almost 40 % of hospitals always added combined steroid
pulse therapy with tonsillectomy. Moreover, almost 60 %
hospitals began TSP in the period between 2004 and 2008
(Fig. 1), indicating that TSP spread through Japan quickly
and has become the major therapeutic approach for IgAN
in the last decade. We also observed that the clinical
remission rates for both hematuria and proteinuria fol-
lowing TSP tended to be higher than those resulting from
steroid pulse without tonsillectomy or oral corticosteroid
monotherapy (Figs. 2, 3). This may be one of the main
reasons for the quick spread of this therapy in Japan. In
previous reports, TSP protocols have varied. In particular,
the number of steroid pulses given during TSP varied in
each report [11-13]. Our results showed that there are two
major protocols for TSP in Japan. One is a protocol in
which the steroid pulses are administrated three times, with
a steroid pulse every week, on the basis of the original
report by Hotta et al. [11]. Another is in which steroid
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Table 3 Routine examinations, concomitant drugs, and adverse effects for each treatment

Routine examination (hospitals, %)

Concomitant drugs (hospitals, %) Adverse effects (hospitals, %)

TSP General blood examination (221, 99.1),
Blood pressure (202, 90.6),
Ophthalmologic examination (108, 48.4),
Bone densitometry (107, 48.0),

Upper gastrointestinal endoscopy
(40, 17.9),

Bone metabolism maker (20, 9.0)
General blood examination (147, 76.6),
Blood pressure (135, 70.3),
Ophthalmologic examination (75, 39.0),
Bone densitometry (74, 38.5),

Upper gastrointestinal endoscopy
(28, 14.6),

Bone metabolism maker (16, 8.3)
General blood examination (128, 69.6),
Blood pressure (116, 63.0),

Bone densitometry (56, 30.4),
Ophthalmologic examination (55, 29.9),

Steroid pulse
monotherapy

Oral corticosteroid
monotherapy*

Upper gastrointestinal endoscopy
(20, 10.9),

Bone metabolism maker (15, 8.2)

H2 blocker or proton-pump
inhibitor (207, 92.8),

Antiplatelet agent (157, 70.4),
Vitamin D3 (91, 40.8),
Vitamin K2 (15, 6.7)

H2 blocker or proton-pump
inhibitor (137, 71.4),

Antiplatelet agent (22, 11.5),
Vitamin K2 (13, 6.8)

H?2 blockers or proton-pump
inhibitors (111,

60.3), bisphosphonates (74, 40.2),
Vitamin D3 (56, 30.4),

Antiplatelet agents (26, 14.1),
Vitamin K2 (9, 4.9)

Steroid-induced diabetes (32, 14.3),
Steroid-induced psychosis (17, 7.6),

Moon face (12, 5.4), Steroid
osteoporosis (6, 2.7),

Postoperative pain (6, 2.7),
Bleeding (5, 2.2), Loss of taste (3, 1.3)

Steroid-induced diabetes (13, 6.8),
Steroid-induced cataract (7, 3.6),
Pneumonia (5, 2.6),

Moon face (4, 2.1),

Central obesity (4, 2.1)

Steroid-induced diabetes (11, 6.0),
Steroid-induced cataract (5, 2.7),
Steroid-induced psychosis (4, 2.1),
Moon face (3, 1.6),

Steroid-induced osteoporosis
@3, 1.6)

*Including combination therapy (prednisolone, azathioprine, heparin-warfarin, and dipyridamole) TSP, tonsillectomy and steroid pulse therapy

0%-24%: 23 hospitals

25%-49%: 52 hospitals
75%-100%: 158 hospitals /

|

\
N

Fig. 4 Prescription rate for antiplatelet agents in each hospital.
Almost 40 % of the hospitals prescribed for 75-100 % patients in
their hospital

50-74%: 125 hospitals

0%—24%: 33 hospitals

75%—100%: 202 hospitals

N

Fig. 5 Prescription rate for renin-angiotensin system inhibitors in
each hospital. More than 50 % hospitals prescribed for 75-100 %
patients in each hospital

25%~49%: 35 hospitals

50%~T4%: 74 hospitals

pulses are administrated three times every 2 months, based
on previous report by Pozzi et al. [10]. We did not find a
clear difference in clinical efficacy between two methods.
The Japanese Pediatric IgA Nephropathy Treatment
Study Group advocated combination therapy for childhood
IgAN in their 2008 guideline [16]. A number of studies by
Japanese groups [17-19] have reported beneficial outcomes
in childhood IgAN using the combination therapy with
prednisolone, azathioprine, heparin-warfarin and dipyrid-
amole. The rationale for this treatment is as follows; (1)
corticosteroids and immunosuppressive agents reduce
serum IgA production and minimize the abnormal immune
response and inflammatory events following glomerular
IgA deposition, and (2) heparin-warfarin and dipyridamole
are used to inhibit the mediators of glomerular damage
[17]. Our results demonstrated that 68 hospitals (68.5 % of
pediatric hospitals) performed the combination therapy,
suggesting that combination therapy is a standard therapy
for pediatric IgAN in Japan. Pozzi et al. [20] recently
demonstrated that clinical outcomes in adults are not dif-
ferent between treatment with corticosteroids alone and
corticosteroids with oral azathioprine. In contrast, Kamei
et al. [21] reported that the combination therapy improves
the long-term outcome in childhood IgAN. Because these
two studies enrolled different populations, this difference
may provide a clue of the indications for this treatment.
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A recent meta-analysis showed that the use of cortico-
steroids IgAN patients is associated with a significant
decrease in the risk of ESKD and urinary protein excretion
[22]. Although the practice pattern (with or without ton-
sillectomy, immunosuppressants, etc) was not standard-
ized, almost 70 % hospitals were found to perform
corticosteroid therapy. Consequently, one can conclude
that corticosteroid therapy has become standard in Japan.
In particular, TSP and combination therapy are popular in
internal medicine and pediatric departments, respectively.

Intraglomerular coagulation, either through local acti-
vation of blood coagulation or impaired removal by the
fibrinolytic system, has been proposed as one of the factors
causing glomerular injury in IgAN [23]. Previous studies
including meta-analysis [24-27] reported beneficial effects
of anti-platelet agents for IgAN. Therefore, antiplatelet
agents are listed in the Japanese regional guidelines [8]. In
fact, the national health insurance covers dipyridamole for
glomerulonephritis and dilazep hydrochloride for IgAN. On
the contrary, Fleoge et al. [28] did not recommend using
antiplatelet agents in patients with IgAN because most
studies on antiplatelet agents are often combined with im-
munosuppressants and were retrospective and nonrandom-
ized. Moreover, the Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for Glo-
merulonephritis concluded that there is no benefit for anti-
platelet agents alone because patients received other
concomitant therapies in Japanese studies [29]. Our results
suggest that almost all Japanese hospitals (351, 93.4 %)
prescribed antiplatelet agents for IgAN. It is thought that
Japanese nephrologists prescribe these drugs based on
previous studies and for compliance with regional guide-
lines. In future, we need to confirm the effects of antiplatelet
agents in a large cohort study from Japan.

RAS-I is effective for glomerular hypertension, podo-
cyte injury and tubulointerstitial injury, and thus is pre-
scribed for glomerulonephritis. Amelioration of glomerular
injury and fibrosis by ARB has been demonstrated in ani-
mal models of IgAN [30]. Because several studies,
including randomized controlled trials [31-33], have
reported the effectiveness of RAS-I for IgAN, recent
guidelines [29] recommend this therapy for IgAN. Tomino
et al. [34] and Moriyama et al. [35] reported the beneficial
effects of IgAN in Japan. Furthermore, our results revealed
that almost all hospitals (371, 98.7 %) prescribed RAS-I
for IgAN, indicating that RAS-I is a popular treatment
in Japan. The combination of ACE-I and ARB has anti-
proteinuric effects greater than monotherapy in normoten-
sive IgAN [36]. The present study revealed that 218
hospitals (58.8 %) prescribed ACE-I and ARB concur-
rently. The indications for concurrent use are proteinuria
and blood pressure, suggesting that they aim to renoprotect
through antiproteinuric effects.
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Our study has several limitations. First, there was a
possibility of selection bias. The response rate was only
31.4 % of 1,194 hospitals. Those hospitals tended to be
large hospitals; thus, our results could not reflect the
treatments in small hospitals and clinics. Second, a possi-
bility for measurement bias regarding clinical efficacy
existed. Because we did not strictly define “clinical
remission” in this study, treatment efficacy depended on
the judgment of each hospital. Third, the questionnaire
asked about all treatments in each hospital; thus, we could
not analyze and estimate the priority of the treatments.
Fourth, the questionnaire surveyed all IgAN stages, but it is
well known that IgAN has a heterogeneous disease course;
therefore, treatments may depend on stage. In future, we
need to conduct an investigation of the treatments for each
stage of IgAN.

In conclusion, corticosteroid therapy, along with anti-
platelet agents and RAS-I therapy, has become a standard
treatment for IgAN in Japan. Although we observed that the
corticosteroid therapy protocol varied, TSP is becoming a
standard treatment, at least for adult IgAN. Further studies
are required to compare the efficacy of each treatment and
to determine the standard therapy for each stage of IgAN.
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Review

Paradigm shift in activity
assessment of IgA

nephropathy - optimizing the
next generation of diagnostic and
therapeutic maneuvers via glycan
targeting

Yusuke Suzuki®, Hitoshi Suzuki, Junichi Yasutake & Yasuhiko Tomino
YJuntendo University Faculty of Medicine, Division of Nephrology, Department of Internal
Medicine, Tokyo, Japan

Introduction: 1gA nephropathy (IgAN) is the most common glomerular disease
and has a poor prognosis. Appropriate therapeutic strategies are not currently
available due to the lack of information regarding IgAN pathogenesis and the
absence of appropriate tools to assess disease activity in IgAN, a long-term
chronicdisease. However, recent evidence revealed that aberrantly glycosylated
serum IgA1, mostly galactose-deficient IgA1 (Gd-IgA1) and immune complexes
(ICs) with autoantibodies against glycan-containing epitopes on Gd-IgA1 are
essential effector molecules.

Areas covered: Assessing disease activity by urinalysis/renal biopsy has some
limitations, resulting in conflicts regarding the efficacy of possible IgAN-
specific therapies. We summarize the characteristics and molecular basis of
Gd-lgA1 and related ICs, their clinical application for activity assessment and
early diagnosis, and discuss glycan as a potent target of therapeutic agents
based on glycan engineering in IgAN.

Expert opinion: Recently, Gd-IgA1 and related ICs have shown clinical value
for disease activity assessment and IgAN diagnosis. This suggests a paradigm
shift in IgAN treatment thus allowing development of appropriate clinical tri-
als of patients with IgAN stages and objective evaluation of the efficacy of
future treatments. Early screening and diagnosis may increase therapeutic
options, including quantitative regulation of nephritogenic Gd-igA1 using
therapeutic antibodies and selective depletion of Gd-lgA1-producing cells
via glycan engineering.

Keywords: anti-glycan antibody, biomarker, disease activity assessment, carly diagnosis,
galactose-deficient IgAl, glycan engineering, IgA immune complex, IgA nephropathy

Expert Opin. Biol. Ther. [Early Online]

1. Introduction

Immunohistological analysis is the gold standard for diagnosing IgA nephropathy
(IgAN), in which dominant or co-dominant mesangial deposition of IgA is essen-
tial. Elevated levels of circulating IgA immune complexes (ICs) have been reported
in a significant number of patients with IgAN [1-3]. Thus, primary IgAN can be con-
sidered an IC-mediated glomerulonephritis that is immunohistologically defined by
the presence of glomerular IgA deposits that instigate glomerular damage via
unknown mechanisms [4]. The primary abnormal manifestation of IgAN is recur-
ring bouts of hematuria with or without proteinuria. However, the disease spectrum
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Article highlights.

 IgAN remains a disease with a poor prognosis, which
may be partly due to the limitations of existing methods
for diagnosing the disease and assessing its activity.
Additionally, the unclear elucidation of pathogenesis and
absence of a conclusive therapeutic strategy

hampers prognosis.

Present disease activity assessment by urinalysis/renal
biopsy has some limitations, resulting in conflicts
regarding the efficacy of possible IgAN-specific
therapies.

Gd-IgA1 and related ICs are essential effector molecules
in IgAN, and thus can be used as novel biomarkers.
Specific measurement of circulating Gd-lgA1 and related
ICs has clinical value for disease activity assessment and
IgAN diagnosis.

Noninvasive and real-time assessments with these
biomarkers in combination with present biochemical and
histological methods will provide a paradigm shift in
IgAN clinical practice, including early diagnosis and
objective evaluation of the efficacy of future treatments.
In addition, further biochemical and molecular
understanding of these biomarkers will optimize the
next generation of diagnostic and therapeutic
manoeuvres through glycan engineering.

This box summarizes key points contained in the article.

of IgAN is composed of many common manifestations. In
clinical practice, ~ 30 — 40% of patients with IgAN progress
to end-stage kidney disease (ESKD) within 20 years (451,
whereas 10 - 20% of patients show spontaneous clinical
remission [4-8]. However, there is currenty no definitive
method to predict these different outcomes. Thus, the highly
variable clinical course and unpredictable progression of IgAN
partly hinder the development of a treatment strategy.

In Japan, where urine analysis is conducted annually from
childhood, there are many cases in which an early diagnosis
and treatment are possible. However, intervention for many
patients is delayed, resulting in frequent relapses, treatment
resistance and decreased renal function. Therefore, even in
Japan, IgAN remains a disease with a poor prognosis, which
may be partly due to the limitations of existing methods for
diagnosis and activity assessment of this disease, in addition
to the lack of clear elucidation of the pathogenesis and a
conclusive therapeutic strategy.

2. Paradigm shift in IgAN activity assessment
is required for next-generation therapies

2.1 Limitations of proteinuria in IgAN activity
assessment

A recent report based on the Japan Renal Biopsy Registry
(2009 - 2010) revealed that 55% of patients with IgAN
were diagnosed before the age of 40 years and ~ 70% of
patients with IgAN are diagnosed with stage 1 or 2 chronic
kidney disease (CKD) (91. Therefore, in Japan, early diagnosis

can be achieved via annual urinalysis. Indeed, around 75% of
Japanese patients with IgAN are initially diagnosed through
chance hematuria in urinalysis. This scenatio also indicates
that hematuria may be an initial manifestation of IgAN.

Although hematuria is a risk factor for the development of
IgAN (101, the degree of proteinuria presents a greater risk for
disease. This observation makes sense because glomerular
injury events leading to hematuria may precede those leading
to persistent proteinuria. In fact, previous epidemiological
studies assessing risk factors for CKD [11,12] further support
the idea that hematuria is a risk factor for proteinuria.

At present, the degree of proteinuria is considered one of
the most important prognostic factors not only for IgAN,
but for all renal diseases [12,13]. There have been a substantial
number of clinical research studies on renal disease [14,15] in
which both a decrease in kidney function and proteinuria
have been evaluated as end points. Therefore, many clinical
guidelines recommend therapeutic modalities based on the
degree of proteinuria [16,17).

However, there are many cases in which both hematuria
and proteinuria occur in the acute phase of disease and, with
time, hematuria resolves and only proteinutia is observed.
The possibility cannot be excluded that proteinuria in these
patients is not an inflammatory reaction triggered by the
IgA deposition in the glomeruli, which is a defining feature
of true IgAN but is dependent on the so-called ‘common
pathway’ accompanying glomerulosclerosis and nephron
reduction. In general, IgAN may have a 20-year disease course
with a mixture of acute inflammatory lesions with IgA-
dependent specific activity (Figure 1A, blue triangle) and the
activation of the common pathway results in chronic fibrotic
lesions (Figure 1A, red triangle) (4. Therefore, proteinuria
may be derived from both types of lesions, which makes it dif-
ficult to qualitatively discriminate proteinuria at points A and
B by present urinalysis (Figure 1B), suggesting the limitation
of proteinuria-based disease activity assessment.

2.2 Necessity of noninvasive and real-time assessing
the IgAN activity

Pathological analysis of renal biopsy tissue is the gold standard
for diagnosing IgAN, as well as for assessing disease activity
and renal prognosis. However, pathological findings may dif-
fer according to the timing of renal biopsy during the
20-year course of IgAN (Figure 1A, arrows A-C) [451. In
many countries, abnormalities identified during urinalysis
may be overlooked or purposely not followed-up by further
examinations until impairment of renal function becomes evi-
dent [18]. This raises a controversial issue among nephrologists
of whether to perform renal biopsy in circumstances without
renal function impairment or nephritic range proteinuria
because of the perception that specific treatment is not yet
available. Commonly, renal biopsy is not recommended for
patients presenting with isolated hematuria or mild protein-
uria in the UK, Canada or the US, as renal biopsy is reserved
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