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Abstract

Background

IgA nephropathy(IgAN) is a common glomerular disease with a higher risk of progression to
end stage renal disease (ESRD) in certain ethnic populations. Since galactose deficient
IgA1(Gd-lgA1) is a critical molecule in its pathogenesis, it has generated interest as a bio-
marker for this disease.

Methods

We measured serum Gd-IgA1 levels using a non- lectin based enzyme linked immunoassay
(ELISA) in 136 immunosuppression naive patients with primary IgAN and 110 controls(60-
non IgA glomerular diseases, 50-healthy volunteers).

Results

Median serum Gd-IgA1 levels were significantly higher in IgAN patients [13135.6(2723.3,
59603.8)ng/ml] compared to those with non IgA glomerular disease [4954.8(892.9,18256.2)
ng/ml] and healthy controls [6299.5(1993.2,19256) ng/ml] and this was observed even after
log transformation and adjustment for age and gender(p<0.0001). Considering a cut-off
value of serum Gd-IGA1>7982.1ng/ml, the sensitivity for diagnosing IJAN compared to
healthy controls was 74.3% and specificity was 72.0% with a positive predictive value of
87.8% and negative predictive value of 50.7%. The serum Gd-IgA1 level did not co-relate
with baseline estimated glomerular filtration rate, urine protein creatinine ratio and the M, E,
S, T and C scores on renal biopsy. The renal survival (absence of >30% decrease in eGFR,
ESRD or death) was lower in patients with higher serum Gd-IgA1 levels(>7982ng/ml) than
those who had lower levels but it was not statistically significant(p = 0.486).
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Conclusion

Serum Gd-IgA1 level is higher in IgAN patients compared to non-IgA glomerular diseases
and healthy controls and has a good positive predictive value for diagnosis. However, it
does not correlate with clinical and histological characteristics of disease severity and does
not predict disease progression.

Introduction

IgA nephropathy (IgAN) is the most commonly reported primary glomerular disease in adults.
It has a wide clinical spectrum ranging from isolated microscopic/macroscopic hematuria,
subnephrotic proteinuriato a heavy proteinuric illness and/or declining renal function. Upto
30-40% of patients with IgAN progress to End Stage Kidney Disease (ESKD) by 20 years [1,2].
It is reported to have a more aggressive clinical course with poor renal survival in the Indian
population [3-6].Renal biopsy with immunofluorescence is essential for the diagnosis of IgA
nephropathy. Over the years, research has focused on establishing a biomarker for this disease
[7-11] to help us in diagnosis and also monitoring the clinical course, particularly in patients
with mild disease.

Galactose deficient IgA1 (Gd-IgAl) is a critical molecule in the pathogenesis of IgAN [7-
10]. The O-linked glycans in the hinge region of IgA1 are generally composed of N-acetyl
galactosamine (GalNAc) and galactose with sialic acid may be attached to either or both sug-
ars. Gd-IgA1 acts as an antigen, combines with autoantibodies to form immune complexes
which get deposited in the mesangium and stimulate downstream action. Gd-IgA1 containing
immune deposits and mesangial cell proliferation are characteristic features of IgAN([11].Sig-
nificantly higher levels of circulating IgA1 with galactose-deficient, O-linked, hinge-region gly-
cans have been reported in IgA nephropathy patients compared to non-IgA renal disease and
healthy controls in Caucasians, African Americans, Japanese and Chinese populations [12-
17]. This has led to an interest in this molecule as a potential biomarker for IgAN. A snail helix
aspersa agglutinin (HAA) lectin based ELISA assay has been used to measure serumGD-IgAl
in patients in these studies. Its widespread use in clinical practice has been hindered by certain
limitations. The bioactivity and stability of this assay depends on the product lot of HAA lectin
and it is also difficult to procure HAA lectin appropriate for this assay. Also, it is a complex
procedure thereby restricting its use to specialized laboratories.

A research group in Japan has developed a lectin independent ELISA assay using a unique
anti-Gd-IgA1 monoclonal antibody KM55 to overcome the limitations of the lectin based
assay [18]. The KM55 antibody is procured steadily from hybridoma cells. The antibody is spe-
cific to a glycoform of Gd-IgA1 which may be overemphasized by this assay. This technique
has been validated against the lectin based assay and found to be a robust assay for detecting
serum GD-IgA1[18].However studies using this assay in IgAN patients are lacking.

There is no data about Gd-IgAl in the Indian patients with IgAN. We conducted this study
to assess the efficacy of serum Gd-IgA1l as a biomarker for diagnosis of IgAN and to determine
its correlation with the severity of the disease.

Method

In a case control study we compared serum Gd-IgAl levels in patients with primary IgAN and
controls (non IgA glomerular disease and healthy volunteers).The study was approved by the
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Institute Ethics Committee, All India Institute of Medical Sciences, New Delhi (IEC-125/
07.04.2017,RP-47/2017). Informed written consent was taken from all the patients and con-
trols. If the participant was less than<18 years age, then the consent was taken from the par-
ent/guardian.

136 patients with biopsy proven primary IgAN seen in our clinic from March 2013- August
2018 were included in the study. 60 patients with other biopsy proven non-IgA glomerular dis-
eases diagnosed during the same period and 50 healthy volunteers were taken as controls. The
number of participants in each group was based on the feasibility determined by the scope of
the funding available.Gd-IgA1 level was assessed in the sera of patients as well as both controls
groups. Baseline sera of patients with IgAN(cases) and non IgA glomerular disease (controls)
was obtained from a biorepository (IEC/NP-259/2013 & RP-24/05.08.2013) where we store
serum samples of patients collected at the time of renal biopsy with their consent since 2013.
Sera of the healthy volunteers were collected prospectively in 2018. Samples were stored at
-800C until analysis with minimal freezing and thawing.

We excluded patients who(1) did not give informed consent, (2) had history of immuno-
suppression use before sample collection (3)had secondary causes of IgAN like chronic liver
disease (4) Henoch-Schonlein purpura (5) a second coexisting disease on kidney biopsy like
diabetic nephropathy (6) inadequate/missing clinical records and (7) inadequate kidney
biopsy.

All the study patients were seen in the renal clinic and clinical and histopathologic data
were collected ambispectively. Details of laboratory investigations done for these patients as
part of their regular evaluation for glomerular disease were recorded. This included serum cre-
atinine, serum albumin and serum cholesterol and urinary protein creatinine ratio(UPCR).
Estimated glomerular filtration rate(eGFR) was calculated using the 4 variable Modification of
Diet in Renal Disease(MDRD) formula for adults and the revised Schwartz formula for those
who were <18 years of age. The primary end point was sustained >30% irreversible decline in
eGFR from the time of diagnosis, end stage kidney disease(ESKD) or death whichever
occurred first.

The MEST-C score of IgA nephropathy was recorded in each patient as per the Oxford clas-
sification of IgAN [19]. The study was funded by a grant from All India Institute of Medical
Sciences, New Delhi and approved by the Institute Ethics Committee.

Measurement of serum galactose deficient IgA1(Gd-IgA1) level

Gd-IgAl level in serum was measured by solid phase sandwich enzyme immunoassay kit (IBL
international GmBH, Germany) following the manufacturer’s instructions. The samples were
initially diluted 200 fold with the EIA buffer to obtain optical density within the measurement
range of the kit (1.56 ~ 100 ng/ml). Some samples with high optical density beyond the linear-
ity, were reanalyzed with serial higher dilutions for accurate results. All the samples were tested
in duplicates and the mean values were used for analysis.

The serum Gd-IgA1 values of IgAN patients were compared to that of the controls to assess
the efficacy of this molecule as a diagnostic biomarker for IgAN.

Total serum IgA levels were not measured in this study, so we did not normalise the serum
Gd-IgAl level to the total IgA level.

Statistical analysis

Stata 12.0 (College Station, Texas, USA) was used for analysis. Data were summarized as fre-
quency(%), mean + SD or median(range). The Chi square test was used to compare the cate-
gorical variables between the groups. The Wilcoxon rank sum test/t test were used to compare
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continuous variables between two groups depending on the normality of its distribution in the
population. The one way Anova and Kruskal Wallis analysis of variance were used to compare
the continuous variables between the 3 groups(IgAN, non IgAN glomerular disease and
healthy controls). The receiver operating characteristic curve for serum Gd-IgA1 level was
constructed and based on that the sensitivity and specificity of this assay as a diagnostic test for
IgA nephropathy was calculated. Normality of the serum Gd-IgA1 was tested, and log transfor-
mation was done as it was not normally distributed. Comparison of serum Gd-IgA levels was
done between the three groups using linear regression analysis adjusting age and gender. The
Spearman correlation coefficient was used to assess the relationship between serum Gd- IgAl
levels and estimated GFR and urine protein creatinine ratio at the time of biopsy. Renal sur-
vival was calculated using the Kaplan-Meier analysis and risk for progression using Cox
regression analysis.

Results
Clinical characteristics of patients and controls

The mean age of the patients with IgAN was 31.9+9.5 and 70.6% were males. Their baseline
eGFR was 58.2+44.2 ml/min/1.73m?2, urine protein creatinine ratio was 3.7+0.9 g/g and serum
albumin was 3.7+0.9 g/dl. The mean age of controls with non-IgA glomerular diseases was
36.0+14.2 years and the healthy controls was 41.8+8.7 years with the proportion of males
being 66.7% and 44% respectively. The healthy controls were older(p<0.001) with a female
predominance(p = 0.003) compared to both the IgAN group and the non-IgA glomerular dis-
ease control group.

Histological characteristics of patients and controls

On the basis of Oxford classification of IgAN, 86% patients had mesangial hypercellularity
(M1), 7.4% had endocapillary hypercellularity (E1), 68.4% had segmental glomerulosclerosis
(S1), 41.9% had tubular atrophy/interstitial fibrosis (T1/T2, T1-27.9%, T2-14.0%) and 15.4%
had crescents(C1/2, C1-11.0%, C2-4.4%)

The renal biopsy diagnosis in the 60 controls with non IgA glomerular diseases were: mini-
mal change disease(MCD)/focal segmental glomerulosclerosis (FSGS):25, membranous
nephropathy (MN):25 and lupus nephritis:10.

Serum Gd-IgA1 levels of patients and controls

Mean and median values of serum GD-IgAl in all the groups are shown in Table 1 and Fig 1.
Serum Gd-IgAl levels were significantly higher in patients with IAN compared to both the
control groups(p<0.0001). Based on the receiver operating characteristic(ROC)curve for
serum Gd-IgAl levels of patients and healthy controls, considering optimum sensitivity and
specificity,(Fig 2A),a cut-off value of serum Gd-IgA1>7982.1ng/ml was selected. At this level,

Table 1. Serum galactose deficient IgA1 levels in patients and controls.

IgA nephropathy Non-IgA glomerular disease Healthy controls P

(n=130) (n = 60) (n =50)
Age(years), (Mean + SD) 31.9+9.5 36.0+14.2 41.8+8.7 <0.0001
Gender(Males)(%) 96(70.6) 40(66.7) 22(44.0) 0.003
Serum Galactose deficient IgA1(ng/ml)
(Mean+SD) 13870.25+9318.5, 6527.2+4385.0, 6976.1+4121.9, <0.0001
(Median(min, max) 13135.6(2723.3,59603.8) 4954.8(892.9,18256.2) 6299.5(1993.2,19256.0)
https://doi.org/10.1371/journal.pone.0214256.t001
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the sensitivity of the assay for diagnosing IgAN was 74.3% and specificity 72.0% with a positive
predictive value of 87.8% and negative predictive value of 50.7%.

The area under the curve (AUC) was 0.7865(95% confidence interval-0.71294, 0.86015)
with a standard error of 0.0376. The ROC curve for patients with IgAN and controls with non-
IgA glomerular diseases (Fig 2B) had an AUC of 0.8049(95% confidence interval-0.7386,
0.8712) with a standard error of 0.0338. Based on this, a cut-off of Serum Gd-IgA1>7747.2ng/
ml had a sensitivity of 75.7% with a specificity of 73.3% with a positive predictive value of
86.6% and 57.1%.There was no significant difference (p = 0.959) between the mean serum Gd-
IgA1 levels of the eight IgAN patients who were<18 years old (14035.04+5039.721ng/ml) and
the remaining 128 patients who were >18 years old (13859.9 £9534.3 ng/ml). As shown in Fig
3, there was no significant difference (p-0.2497) in the serum Gd-IgA1 levels of patients with
MCD/FSGS(6257.1+4248.6 ng/ml), lupus nephritis (4268.6+2310.2ng/ml) and membranous
nephropathy(7568.8+4827.5 ng/ml).

The assay levels showed significant askew in the patients as well as controls (Fig 4A). To
normalize the distribution, we did the log transformation of the dataset (Fig 4B). The level of
the biomarker was significantly higher in the patients compared to the controls even after log
transformation and adjustment for differences in age and gender when compared by linear
regression analysis (Table 2).
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Fig 1. Dotplot showing individual serum galactose deficient IgA1 values in all three groups.
https://doi.org/10.1371/journal.pone.0214256.9001
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https://doi.org/10.1371/journal.pone.0214256.9003

Serum Gd-IgA1 levels and disease severity

We then evaluated whether there was any association of this biomarker with surrogate markers
of disease severity like eGFR and urinary PCR (Fig 5A and 5B) by Spearman correlation coeffi-
cient. The serum Gd-IgA1l level did not corelate with eGFR(r = -0.056,p = 0.524) and urinary
PCR (r =-0.062, p = 0.475). The association of serum Gd-IgA1 with the histological disease
severity was also studied based on the Oxford classification of IgA nephropathy (19). As
shown in Table 3 and Fig 6, there were no association of the serum Gd-IgA1 levels of patients
with their MEST-C scores on renal biopsy (M: Mesangial hypercellularity, E: Endocapillary
proliferation, S: Segmental sclerosis, T: interstitial fibrosis and tubular atrophy, C: Crescents).

47 patients reached the primary end point in this study of which 15 patients had progressed
to ESRD and 2 had died (one had >30% decline in eGFR and one had progressed to ESRD).
The probability of renal survival in the patients with higher(>7982ng/ml) and lower serum
Gd-IgAl levels were 67.0%(95% CI:56.5, 75.5) and 80.1%(95% CI:62.7,90.0) at 12 months and
39.6%(95% CI: 17.8,60.8) and 62.9%(37.8, 80.2) at 48 months respectively. Though the disease
progression was higher with poorer renal survival in patients with higher Gd-IgA1 values it
was not statistically significant (HR-1.28,95% CI:0.63-2.59, p-0.486).
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https://doi.org/10.1371/journal.pone.0214256.9004
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Table 2. Comparison of serum Gd-IgA1 levels among the cases and controls by linear regression analysis.

IgA nephropathy Non IgA disease Healthy controls P
Geometric mean(95% CI) Geometric mean(95% CI) Geometric Mean(95% CI)
Unadjusted values 11588.1 (10454.3,12844.9) 5234.8 6053.4(5212.1 7030.5)
(4374.7 6264.0)
Values adjusted for age and gender 11636.8 5219.0 6007 (5001.0, 7215.4) <0.0001
(10456.8,12956.6) (4457.8, 6101.4)

https://doi.org/10.1371/journal.pone.0214256.t1002

Discussion

IgAN is a glomerular disease with a wide clinical spectrum ranging from mild incidentally
detected disease to rapidly declining renal function. About half of these patients are known to
have increased serum levels of Gd-IgA1 and Gd-IgA1 containing circulating immune com-
plexes. Serum Gd-IgA1 has been extensively researched as a non-invasive biomarker for IgAN.
Most of these studies have used the HAA-lectin based assay [12-15].

Now a new non-lectin based ELISA is available, which uses a unique monoclonal antibody
to Gd-IgA1 molecule(KM55) and it has been validated against the lectin based assay and
found to be a robust assay for detecting serum Gd-IgA1[18].So we used it to study the signifi-
cance of serum Gd-IgA1l in Indian patients with IgAN. Though there have been multiple stud-
ies [12-17] evaluating the role of this biomarker in Caucasian, Japanese and Chinese
populations, there is no published data in Indians patients. IgAN is believed to have a more
severe disease phenotype in Indian patients with higher prevalence of proteinuric disease and
rapid progression to end stage kidney failure [3-6].

Serum Gd-IgAl levels were significantly higher in our patients of IgAN compared to con-
trols who were healthy or had non-IgA glomerular diseases. At a cut-off value of serum Gd-
IGA1>7982.1ng/ml, the sensitivity of the assay for diagnosing IgA nephropathy compared to
the healthy population was 74.3% and specificity was 72.0% with a positive predictive value of
87.8% and negative predictive value of 50.7%.We had a similar sensitivity but lower specificity
compared to the study by Moldoveanu et al [12]. Multiple studies have shown similar results
with serum Gd-IgA1 levels being higher in patients with IgAN compared to controls [13-16].
The distribution of the serum Gd-IgA1 values was skewed in our study suggesting that there is
a considerable overlap between the patient and control populations which has also been
observed by Placzek et al [20]. In this scenario this biomarker is unlikely to replace kidney
biopsy for diagnosing IgAN. However in patients with milder disease or those who are reluc-
tant to undergo an invasive biopsy procedure, it can be used as an initial screening assay.
Those with high serum levels of Gd-IgA1 may then be counselled for kidney biopsy.

There was no correlation between the baseline serum Gd-IgA1 level and parameters of dis-
ease severity including eGFR and urine protein creatinine ratio. Moldoveanu et al [12] also did
not find any significant correlation between serum Gd-IgA1(HAA-IgA) level and eGFR as
well as urinary PCR. However, subsequent studies by Berthoux et al [21] and Zhao et al [22]
have reported an association of high serum Gd-IgA1 levels with disease severity as well a dis-
ease progression. A study by Kim et al [23] found that serum levels of Gd-IgA1, total IgA1 and
IgA-IgG in patients with IgAN vary with immunosuppression use. A systematic review of 22
studies across geographies [24] suggested that the serum Gd-IgA1 level may play a role in dif-
ferentiating IgAN from other kidney diseases but it was not associated with the severity of the
disease.

Very few studies have examined the association between serum Gd-IgA1 levels and histol-
ogy of IgAN [25,26]. A recent study [25] done in 33 patients showed that the serum Gd-IgA1l
concentration was significantly higher in patients with a higher Oxford classification score for
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Table 3. Serum Gd-IgA1 levels according to the Oxford MEST-C score of IgA nephropathy.

MEST-CCharacteristics(n) Serum Gd-IgA1 level(ng/ml)(Median, Range) P
MO (19) 10596.4 (4077.8,19328.0) 0.4038
M1 (117) 13410.2 (2723.2, 59603.8)
EO0 (126) 12561.9 (2723.2,59603.8) 0.2675
El (10) 15070.0 (5976.1,39924.0)
S0 (43) 14408.0 (2743.5, 59603.8) 0.5554
S1(93) 12619.7 (2723.2, 53679.3)
TO (79) 13410.2 (2723.2, 47603.6) 0.6930
T1(38) 12891.4 (2944.4,59603.8)
T2 (19) 13108.0 (4237.6, 25730.4)
CO0 (115) 12504.0 (2723.2 59603.8) 0.4964
CI1(15) 13941.3 (4237.6, 53452.8)
C2 (06) 16262.8 (4852.6, 18160.0)

https://doi.org/10.1371/journal.pone.0214256.t003
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Fig 6. Serum Gd-IgA1 levels according to histologic severity of disease as per Oxford MEST-C criteria.
https://doi.org/10.1371/journal.pone.0214256.9006
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segmental glomerulosclerosis (S1) or tubular atrophy/interstitial fibrosis(T1/2). But the serum
levels did not correlate with clinical parameters such as proteinuria or eGFR in this study,
which is similar to our findings. A previous study from China [26] before the Oxford classifica-
tion era has also shown an association of serum Gd-IgA1 concentrations in patients with more
severe histologic disease which was not observed in our patients.

Zhao et al found a correlation between the serum level of Gd-IgA1 and disease progression
[22]. In our study, the renal survival at 12 and 48 months was lower in patients with higher
serum Gd-IgAl levels compared to those with lower levels, however this was not statistically
significant. Further studies with a larger cohort and longer follow up are needed to define the
prognostic significance of this biomarker.

We could not study the auto-antibodies to Gd-IgA1 which have been shown to have a better
co-relation with disease severity and progression and the significance of Gd-IgA1 deposits in
the kidney biopsies due to logistic constraints. Despite these limitations, our study is signifi-
cant considering that the non-lectin based ELISA has been used for the first time in a reason-
able number of patients to establish a cut-off for serum Gd-IgA1 levels in IgAN patients. Also
it is the first study to address this issue in the Indian population in whom IgAN is known to
have a poor outcome.

To, conclude, our study shows that serum Gd-IgA1 level has a high positive predictive
value to differentiate patients with IgAN from other glomerular diseases but does not corelate
with disease severity and progression. The simplicity and robustness of this newer non lectin
based assay makes serum Gd-IgA1 an attractive candidate biomarker for IgAN especially in
patients with mild disease.

Supporting information

S1 File. Clinical characteristics and serum Gd-IgA1 levels of patients and controls.
(XLSX)

Author Contributions

Conceptualization: Soumita Bagchi, Sanjay Kumar Agarwal.
Data curation: Soumita Bagchi, Dipankar Bhowmik.
Formal analysis: Soumita Bagchi, Kalaivani Mani.

Funding acquisition: Soumita Bagchi.

Investigation: Soumita Bagchi, Raghavendra Lingaiah, Adarsh Barwad, Geetika Singh, Veena
Balooni.

Methodology: Soumita Bagchi, Raghavendra Lingaiah, Veena Balooni, Dipankar Bhowmik.
Project administration: Soumita Bagchi.

Resources: Soumita Bagchi.

Supervision: Soumita Bagchi, Raghavendra Lingaiah, Sanjay Kumar Agarwal.

Validation: Raghavendra Lingaiah.

Writing - original draft: Soumita Bagchi.

Writing - review & editing: Soumita Bagchi, Sanjay Kumar Agarwal.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214256 March 27,2019 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214256.s001
https://doi.org/10.1371/journal.pone.0214256

® PLOS |ONE

Serum galactose deficient IgA1 in IgA nephropathy

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

D’Amico G: Natural history of idiopathic IgA nephropathy and factors predictive of disease outcome.
SeminNephrol. 2004; 24(3):179-96.

Wyatt RJ, Julian BA: IgA nephropathy: N Engl J Med. 2013; 368(25):2402—14. https://doi.org/10.1056/
NEJMra1206793 PMID: 23782179

Chacko B, John GT, Neelakantan N, Korula A, Balakrishnan N, Kirubakaran MG, Jacob CK: Presenta-
tion, prognosis and outcome of IgA nephropathy in Indian adults. Nephrology (Carlton). 2005; 10
(5):496-503.

Chandrika BK: IgA nephropathy in Kerala, India: a retrospective study. Indian J Pathol Microbiol. 2009;
52(1):14-6. PMID: 19136771

Mittal N, Joshi K, Rane S, Nada R, Sakhuja V: Primary IgA nephropathy in north India: is it different?
Postgrad Med J. 2012; 88(1035):15—-20. https://doi.org/10.1136/postgradmedj-2011-130077 PMID:
22052882

Bagchi S, Singh G, Yadav R, Kalaivani M, Mahajan S, Bhowmik D, Dinda A, Agarwal SK. Clinical and
histopathologic profile of patients with primary IgA nephropathy seen in a tertiary hospital in India. Ren
Fail. 2016; 38(3):431-6. https://doi.org/10.3109/0886022X.2016.1138817 PMID: 26837482

Allen AC, Harper SJ, Feehally J. Galactosylation of N- and O-linked carbohydrate moieties of IgA1 and
IgG in IgA nephropathy. Clin Exp Immunol 1995; 100: 470-474. PMID: 7774058

Tomana M, Novak J, Julian BA, Matousovic K, Konecny K, Mestecky J. Circulating immune complexes
in IgA nephropathy consist of IgA1 with galactose-deficient hinge region and antiglycan antibodies. J
Clin Invest. 1999 Jul; 104(1):73-81 https://doi.org/10.1172/JCI5535 PMID: 10393701

Amore A, Cirina P, Conti G, Brusa P, Peruzzi L, Coppo R. Glycosylation of circulating IgA in patients
with IgA nephropathy modulates proliferation and apoptosis of mesangial cells. J Am Soc Nephrol.
2001 Sep; 12(9):1862-71. PMID: 11518779

Coppo R, Amore A. Aberrant glycosylation in IgA nephropathy (IgAN). Kidney Int 2004; 65: 1544—
1547. https://doi.org/10.1111/j.1523-1755.2004.05407.x PMID: 15086888

Suzuki H, Kiryluk K, Novak J, Moldoveanu Z, Herr AB, Renfrow MB, Wyatt RJ, Scolari F, Mestecky J,
Gharavi AG, Julian BA. The pathophysiology of IgA nephropathy. J Am Soc Nephrol. 2011 Oct; 22
(10):1795-803. https://doi.org/10.1681/ASN.2011050464 PMID: 21949093

Moldoveanu Z, Wyatt RJ, Lee JY, Tomana M, Julian BA, Mestecky J, Huang WQ, Anreddy SR, Hall S,
Hastings MC, Lau KK, Cook WJ, Novak J. Patients with IgA nephropathy have increasedserumgalac-
tose-deficientlgA1 levels. Kidney Int. 2007 Jun; 71(11):1148-54. https://doi.org/10.1038/sj.ki.5002185
PMID: 17342176

Sachiko Shimozato, Yoshiyuki Hiki, Hiroko Odani, Takahashi K, Yamamoto K, Sugiyama S. Serum
under-galactosylated IgA1 is increased in Japanese patients with IgA nephropathy. Nephrol Dial Trans-
plant. 2008 Jun; 23(6):1931-9. https://doi.org/10.1093/ndt/gfm913 PMID: 18178603

Lin X, Ding J, Zhu L, Shi S, Jiang L, Zhao M. Aberrant galactosylation of IgA1 is involved in the genetic
susceptibility of Chinese patients with IgAnephropathy. Nephrol Dial Transplant. 2009,Nov; 24
(11):3372-5. https://doi.org/10.1093/ndt/gfp294 PMID: 19531670

Hastings MC, Moldoveanu Z, Julian BA, Novak J, Sanders JT, McGlothan KR, Gharavi AG, Wyatt RJ.
Galactose-deficient IgA1 in African Americans with IgA nephropathy: serum levels and heritability.Clin J
Am Soc Nephrol. 2010 Nov; 5(11):2069-74. https://doi.org/10.2215/CJN.03270410 PMID: 20634323

Sanders JT, Hastings MC, Moldoveanu Z, Novak J, Julian BA, Bursac Z, Wyatt RJ. Serial Galactose-
Deficient IgA1 Levels in Children with IgA Nephropathy and Healthy Controls. Int J Nephrol. 2017;
2017:8210641. https://doi.org/10.1155/2017/8210641 PMID: 29333295

Suzuki H, Yasutake J, Makita Y, Tanbo Y, Yamasaki K, Sofue T, Kano T, Suzuki Y. IgA nephropathy
and IgA vasculitis with nephritis have a shared feature involving galactose-deficient IgA1-oriented path-
ogenesis. Kidney Int. 2018 Mar; 93(3):700—705. https://doi.org/10.1016/j.kint.2017.10.019 PMID:
29329643

Yasutake J, Suzuki Y, Suzuki H, Hiura N, Yanagawa H, Makita Y, Kaneko E, Tomino Y. Novel lectin-
independent approach to detect galactose-deficientigA1 in IgA nephropathy. Nephrol Dial Transplant.
2015 Aug; 30(8):1315-21. https://doi.org/10.1093/ndt/gfv221 PMID: 26109484

Working Group of the International Ig ANN, the Renal Pathology S, Cattran DC, Coppo R, Cook HT,
Feehally J, Roberts IS, Troyanov S, Alpers CE, Amore A, Barratt J, Berthoux F, Bonsib S, Bruijn JA,
D’Agati V, D’Amico G, Emancipator S, Emma F, Ferrario F, Fervenza FC, Florquin S, Fogo A, Geddes
CC, Groene HJ, Haas M, Herzenberg AM, Hill PA, Hogg RJ, Hsu SI, Jennette JC, Joh K, Julian BA,
Kawamura T, Lai FM, Leung CB, Li LS, Li PK, Liu ZH, Mackinnon B, Mezzano S, Schena FP, Tomino
Y, Walker PD, Wang H, Weening JJ, Yoshikawa N, Zhang H: The Oxford classification of IgA

PLOS ONE | https://doi.org/10.1371/journal.pone.0214256 March 27,2019 13/14


https://doi.org/10.1056/NEJMra1206793
https://doi.org/10.1056/NEJMra1206793
http://www.ncbi.nlm.nih.gov/pubmed/23782179
http://www.ncbi.nlm.nih.gov/pubmed/19136771
https://doi.org/10.1136/postgradmedj-2011-130077
http://www.ncbi.nlm.nih.gov/pubmed/22052882
https://doi.org/10.3109/0886022X.2016.1138817
http://www.ncbi.nlm.nih.gov/pubmed/26837482
http://www.ncbi.nlm.nih.gov/pubmed/7774058
https://doi.org/10.1172/JCI5535
http://www.ncbi.nlm.nih.gov/pubmed/10393701
http://www.ncbi.nlm.nih.gov/pubmed/11518779
https://doi.org/10.1111/j.1523-1755.2004.05407.x
http://www.ncbi.nlm.nih.gov/pubmed/15086888
https://doi.org/10.1681/ASN.2011050464
http://www.ncbi.nlm.nih.gov/pubmed/21949093
https://doi.org/10.1038/sj.ki.5002185
http://www.ncbi.nlm.nih.gov/pubmed/17342176
https://doi.org/10.1093/ndt/gfm913
http://www.ncbi.nlm.nih.gov/pubmed/18178603
https://doi.org/10.1093/ndt/gfp294
http://www.ncbi.nlm.nih.gov/pubmed/19531670
https://doi.org/10.2215/CJN.03270410
http://www.ncbi.nlm.nih.gov/pubmed/20634323
https://doi.org/10.1155/2017/8210641
http://www.ncbi.nlm.nih.gov/pubmed/29333295
https://doi.org/10.1016/j.kint.2017.10.019
http://www.ncbi.nlm.nih.gov/pubmed/29329643
https://doi.org/10.1093/ndt/gfv221
http://www.ncbi.nlm.nih.gov/pubmed/26109484
https://doi.org/10.1371/journal.pone.0214256

® PLOS |ONE

Serum galactose deficient IgA1 in IgA nephropathy

20.

21.

22,

23.

24,

25.

26.

nephropathy: rationale, clinicopathological correlations, and classification. Kidney Int. 2009; 76(5):534—
45. https://doi.org/10.1038/ki.2009.243 PMID: 19571791

Placzek WJ, Yanagawa H, Makita Y, Renfrow MB, Julian BA, Rizk DV, Suzuki Y, Novak J, Suzuki H.
Serum galactose-deficient-IgA1 and IgG autoantibodies correlate in patients with IgAnephropathy.
PLoS One. 2018 Jan 11; 13(1):e0190967. https://doi.org/10.1371/journal.pone.0190967 PMID:
29324897

Berthoux F, Suzuki H, Thibaudin L, Yanagawa H, Maillard N, Mariat C, Tomino Y, Julian BA, Novak J.
Autoantibodies targeting galactose-deficientlgA1 associate with progression of IgA nephropathy. J Am
Soc Nephrol. 2012Sep; 23(9):1579-87. https://doi.org/10.1681/ASN.2012010053 PMID: 22904352

Zhao N, Hou P, Lv J, Moldoveanu Z, Li Y, Kiryluk K, Gharavi AG, Novak J, Zhang H. The level of galac-
tose-deficient IgA1 in the sera of patients with IgA nephropathy is associated with disease progression.
Kidney Int. 2012 Oct; 82(7):790-6. https://doi.org/10.1038/ki.2012.197 PMID: 22673888

Kim MJ, Schaub S, Molyneux K, Koller MT, Stampf S, Barratt J. Effect of ImmunosuppressiveDrugs on
the Changes of SerumGalactose-DeficientlgA1 in Patients with IgANephropathy. PLoS One. 2016 Dec
8; 11(12):e0166830. https://doi.org/10.1371/journal.pone.0166830 eCollection 2016 PMID: 27930655

Sun Q, Zhang Z, Zhang H, Liu X. Aberrant IgA1 Glycosylation in IgA Nephropathy: A Systematic
Review. PLoS One. 2016 Nov 21; 11(11):e0166700. https://doi.org/10.1371/journal.pone.0166700
PMID: 27870872

Nguyen Celine, Katrin Kdnig, Frederick W K Tam, Helmut Hopfer, Karen Molyneux, Francoise-Isabelle
Binet, Min Jeong Kim; Higher serum galactose-deficientimmunoglobulin A1 concentration is associated
with stronger mesangial cellular inflammatory response and more severe histologic findings in immuno-
globulin A nephropathy, Clinical Kidney Journal, sfy068, https://doi.org/10.1093/ckj/sfy068

Xu LX, Zhao MH. Aberrantly glycosylated serumlgA1 are closely associated with pathologic phenotypes
of IgA nephropathy.Kidney Int. 2005 Jul; 68(1):167—72. https://doi.org/10.1111/j.1523-1755.2005.
00390.x PMID: 15954905

PLOS ONE | https://doi.org/10.1371/journal.pone.0214256 March 27,2019 14/14


https://doi.org/10.1038/ki.2009.243
http://www.ncbi.nlm.nih.gov/pubmed/19571791
https://doi.org/10.1371/journal.pone.0190967
http://www.ncbi.nlm.nih.gov/pubmed/29324897
https://doi.org/10.1681/ASN.2012010053
http://www.ncbi.nlm.nih.gov/pubmed/22904352
https://doi.org/10.1038/ki.2012.197
http://www.ncbi.nlm.nih.gov/pubmed/22673888
https://doi.org/10.1371/journal.pone.0166830
http://www.ncbi.nlm.nih.gov/pubmed/27930655
https://doi.org/10.1371/journal.pone.0166700
http://www.ncbi.nlm.nih.gov/pubmed/27870872
https://doi.org/10.1093/ckj/sfy068
https://doi.org/10.1111/j.1523-1755.2005.00390.x
https://doi.org/10.1111/j.1523-1755.2005.00390.x
http://www.ncbi.nlm.nih.gov/pubmed/15954905
https://doi.org/10.1371/journal.pone.0214256

