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INTRODUCTION

I
mmunoglobulin A nephropathy (IgAN) is the most
common primary glomerular disease.1 IgAN has a

poor prognosis because 20% to 40% of patients
develop end-stage kidney disease within 20 years.
Immunofluorescence staining demonstrates IgA and
complement (C)-3 deposits predominantly in the
glomerular mesangial region, and other immunoglob-
ulins, such as IgG and IgM, are also often deposited in
the glomerulus.2 Previous studies have reported a
relationship between the immunofluorescence findings
and clinical or pathological features.S1�S7 The intensity
of glomerular IgA deposition did not correlate with the
degree of histopathological severity.3 In contrast, the
presence of IgG deposition was significantly associated
with the mesangial and endocapillary proliferation.S8

Heybeli et al.S9 investigated the clinical relevance of
IgM deposition in patients with IgAN and its impact on
renal survival.S9–S10 IgM deposition had more severe
proteinuria and poorer renal function.

There is increasing evidence that galactose-deficient
IgA1 (Gd-IgA1) is increased in the serum of patients
with IgAN.4,S11 Glomerular Gd-IgA1 was specifically
deposited in patients with IgAN by using the Gd-IgA1
monoclonal antibody (KM55 monoclonal anti-
body).S12�S13 Immunostaining using the Gd-IgA1
monoclonal antibody may provide useful clues to dis-
tinguishing between the primary and secondary
IgAN.5,S13�S16 However, there are only a few reports
on the clinical importance of Gd-IgA1 deposition in the
pathogenesis of IgAN. Therefore, we investigated the
relationship between Gd-IgA1 deposition and clinico-
pathological parameters in patients with IgAN.
RESULTS

Patient Characteristics

Glomerular Gd-IgA1 deposition was positive in all pa-
tients with IgAN, and the average Gd-IgA1 deposition
area was 6.99 � 4.60%. We divided the patients into
tertiles according to the Gd-IgA1 deposition area as
follows: low-intensity group (n ¼ 47), 0.48% to 3.85%;
medium-intensity group (n ¼ 47), 3.92% to 8.13%;
high-intensity group (n ¼ 47), 8.31% to 22.82%
(Supplementary Figure S1).
High-intensity Group Shows Higher Levels of

Proteinuria and Urinary Gd-IgA1

The patients’ clinical characteristics are presented in
Supplementary Table S1. There was no correlation
between the intensity of Gd-IgA1 deposition and age or
serum creatinine, IgA, C3, and Gd-IgA1 levels. Pro-
teinuria was significantly higher in the high-intensity
group than in the other 2 groups. There was no sig-
nificant difference in the serum Gd-IgA1 levels among
the 3 groups; however, urinary Gd-IgA1 levels in the
high-intensity group were significantly higher than
those in the medium-intensity group (P < 0.05,
Figure 1).
Treatment Information

None of the patients were treated with steroids or
immunosuppressive drugs before renal biopsy. Renin-
angiotensin system inhibitors were taken by 11 pa-
tients (23.4%) in the low-intensity group, 7 (14.9%) in
the medium-intensity group, and 8 (17.0%) in the
high-intensity group. There was no significant
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Figure 1. High intensity group shows higher level of proteinuria and urinary Gd-IgA1. Correlation between intensity of Gd-IgA1 deposition and
clinical features; (a) age, (b) creatinine, (c) eGFR, (d) proteinuria, (e) serum Gd-IgA1, (f) urinary Gd-IgA1. *P < 0.05. Gd-IgA1, galactose-deficient
IgA1; eGFR, estimated glomerular filtration rate; ns not significant.
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difference in renin-angiotensin system inhibitor usage
between the groups.

Histological Acute Lesions Correlated With the

Intensity of Glomerular Gd-Iga1 Deposition

There was significantly more proteinuria and glomeruli
with acute lesions among the IgM-positive patients
than the IgM-negative patients (Supplementary
Figure S2a and S2b). Patients with IgG deposition
demonstrated a significantly higher percentage of
glomeruli with acute lesions (Supplementary
Figure S2c).

A total of 37 patients had histological acute lesions,
with 6 patients in the low-intensity group, 15 in the
medium-intensity group, and 16 in the high-intensity
group. The average percentages of glomeruli with
acute lesions to total glomerular count were 0.4%,
1.4%, and 2.1% in the low-intensity, medium-in-
tensity high-intensity groups, respectively. The per-
centage of acute lesions was significantly higher in the
Kidney International Reports (2022) 7, 2726–2729
high-intensity group, whereas the percentage of
chronic lesions did not differ between the groups
(Figure 2). Findings revealed no difference in the in-
tensity of IgA deposition or the presence of IgG
deposition between the groups. C3 deposition tended
to be stronger in the high-intensity group, whereas
IgM deposition was more prevalent in the medium-
intesity and high-intensity groups (Supplementary
Figure S3). The percentages of E1 and C1 in the Ox-
ford classification increased in patients of the high-
intensity group. However, there was no difference in
the percentages of M1, S1, or T1 among the groups
(Supplementary Figure S4).
DISCUSSION

In this study, we observed that the intensity of Gd-
IgA1 deposition is related to the acute lesion of
IgAN. It has been reported that the degree of pro-
teinuria is an important factor in the progression of
2727
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Figure 2. Association between intensity of Gd-IgA1 and pathological
features (a) The percentage of acute lesions was significantly higher
in the high intensity group, while the percentage of (b) chronic le-
sions did not differ between the groups. *P < 0.05. ns not significant.
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IgAN or chronic kidney disease.S17–S19 We have pre-
viously reported that urinary Gd-IgA1 levels correlated
with proteinuria.6 In the present study, we observed
that the stronger the glomerular Gd-IgA1 deposition,
the higher the level of proteinuria and urinary Gd-
IgA1, which is consistent with previous reports.
However, there was no correlation between the serum
Gd-IgA1 levels and intensity of glomerular Gd-IgA1
deposition in our study. Currently, a multihit hy-
pothesis is considered to explain the pathogenesis of
IgAN as follows: production of Gd-IgA1 (Hit 1), pro-
duction of Gd-IgA1-specific antibodies (Hit 2), forma-
tion of immune complexes (Hit 3), deposition in
mesangial regions (Hit 4), and induction of tissue
damage.7 Bagchi et al.8 reported that there was no
correlation between serum Gd-IgA1 and histological
severity. Thus, the serum Gd-IgA1 only cannot explain
the pathogenesis of IgAN. In the present study,
glomerular Gd-IgA1, which is associated with histo-
logical acute lesion does not correlation with serum
level of Gd-IgA1.

The stronger the glomerular Gd-IgA1 deposition, the
greater the IgM deposition. Takahata et al. reported
that the apoptosis inhibitor of macrophage protein
forms IgG/IgM immune complexes and is involved in
the progression of nephritis after glomerular IgA
deposition in the glomeruli, as observed in spontaneous
IgAN model mice. apoptosis inhibitor of macrophages
were also observed to be codeposited with IgA and
IgG/IgM in the glomeruli of patients with IgAN.9

Therefore, it was suggested that Gd-IgA1 might be
one of the factors regulating the amount of IgG/IgM
immune complexes and thus the subsequent degree of
complement activation.
2728
In the Oxford classification, mesangial hyper-
cellularity, segmental glomerulosclerosis, tubular atro-
phy or interstitial fibrosis, and crescents are considered
as those lesions that affect the renal prognosis, and
endocapillary hypercellularity has been described as a
lesion that responds to immunosuppressive drugs.S20 In
the Japanese histological severity classification, cellular
or fibrocellular crescents are identified as acute lesions
that are subjected to immunosuppressive treatment,
whereas global, segmental sclerosis and fibrous cres-
cents are identified as chronic lesions that are related to
dialysis induction.S21 The common histological prog-
nostic factors for both classifications were segmental
glomerulosclerosis and crescents. Furthermore, previ-
ous studies have reported that the degree of mesangial
deposition of Gd-IgA1 correlated with renal damage in
IgAN.5 The present study found that there were
significantly more active lesions, such as endocapillary
hypercellularity and cellular or fibrocellular crescents
in the high-intensity group, which may reflect the
disease activity.

This study has several limitations. First, the data
were obtained from a single institution. Second, we
only analyzed data from a renal biopsy; therefore, we
do not know whether glomerular Gd-IgA1 deposition is
an indicator of treatment response or a factor affecting
the renal prognosis. In the future, it is necessary to
analyze the relationship between the follow-up data
and renal outcomes.

In conclusion, glomerular Gd-IgA1 deposition may
be a useful index for therapeutic interventions, because
the intensity of deposition correlates with the disease
activity.

DISCLOSURE

All the authors declared they have no competing interests.

ACKNOWLEDGMENTS

This study was supported in part by the JSPS KAKENHI

Grant Number 21K08285. Proofreading the article was

supported in part by a Grant-in-Aid for Intractable Renal

Diseases Research, Research on Rare and Intractable Dis-

ease, Health and Labor Sciences Research Grants from the

Ministry of Health, Labor, and Welfare of Japan (Grant

Number: 20FC1045). We thank the members of the Labo-

ratory of Morphology and Image Analysis, Laboratory of

Biomedical Research Resources and Laboratory of Mo-

lecular Biochemical Research, Research Support Center,

Juntendo University Graduate School of Medicine for

technical assistance.

AUTHOR CONTRIBUTIONS

MN, HS, and YS designed this study. MN, YF, and TK

conducted the experiments. MN analyzed the data. MN,
Kidney International Reports (2022) 7, 2726–2729



RESEARCH LETTER
HS, and YS drafted the manuscript. All authors have read

and approved the final draft of the manuscript.

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)

Supplementary Methods.

Supplementary References.

Figure S1. Three groups divided by intensity of glomerular

Gd-IgA1 deposition.

Figure S2. Association between IgM/IgG deposition and

clinical features.

Figure S3. IgM deposition was more prevalent in the

middle and high intensity groups.

Figure S4. The percentages of E1 and C1 in the Oxford

classification increased inpatientsof thehigh-intensitygroup.

Table S1. Clinical characteristics of patients with IgA

nephropathy at the time of renal Biopsy.

Table S2. Association of intensity of glomerular Gd-IgA1

with treatment and clinical outcome.

REFERENCES

1. Wyatt RJ, Julian BA. IgA nephropathy.N Engl J Med. 2013;368:
2402–2414. https://doi.org/10.1056/NEJMra1206793

2. Rodicio JL. Idiopathic IgA nephropathy. Kidney Int. 1984;25:
717–729. https://doi.org/10.1038/ki.1984.79
Kidney International Reports (2022) 7, 2726–2729
3. Tomino Y, Funabiki K, Yaguchi Y, et al. Computer imaging

analysis of the correlation between intensities of glomerular

immune-deposits and histopathology in patients with IgA ne-

phropathy. Am J Med Sci. 1991;302:278–283. https://doi.org/
10.1097/00000441-199111000-00003

4. Moldoveanu Z, Wyatt RJ, Lee JY, et al. Patients with IgA ne-

phropathy have increased serum galactose-deficient IgA1

levels. Kidney Int. 2007;71:1148–1154. https://doi.org/10.1038/
sj.ki.5002185

5. Wada Y, Matsumoto K, Suzuki T, et al. Clinical significance of

serum and mesangial galactose-deficient IgA1 in patients with

IgA nephropathy. PLoS One. 2018;13:e0206865. https://doi.org/
10.1371/journal.pone.0206865

6. Suzuki H, Allegri L, Suzuki Y, et al. Galactose-deficient IgA1 as

a candidate urinary polypeptide marker of IgA nephropathy?

Dis Markers. 2016;2016:7806438. https://doi.org/10.1155/2016/
7806438

7. Suzuki H, Kiryluk K, Novak J, et al. The pathophysiology of IgA

nephropathy. J Am Soc Nephrol. 2011;22:1795–1803. https://
doi.org/10.1681/ASN.2011050464

8. Bagchi S, Lingaiah R, Mani K, et al. Significance of serum

galactose deficient IgA1 as a potential biomarker for IgA ne-

phropathy: a case control study. PLoS One. 2019;14:e0214256.
https://doi.org/10.1371/journal.pone.0214256

9. Takahata A, Arai S, Hiramoto E, et al. Crucial role of AIM/CD5L

in the development of glomerular inflammation in IgA ne-

phropathy. J Am Soc Nephrol. 2020;31:2013–2024. https://doi.
org/10.1681/ASN.2019100987
2729

https://doi.org/10.1016/j.ekir.2022.09.022
https://doi.org/10.1056/NEJMra1206793
https://doi.org/10.1038/ki.1984.79
https://doi.org/10.1097/00000441-199111000-00003
https://doi.org/10.1097/00000441-199111000-00003
https://doi.org/10.1038/sj.ki.5002185
https://doi.org/10.1038/sj.ki.5002185
https://doi.org/10.1371/journal.pone.0206865
https://doi.org/10.1371/journal.pone.0206865
https://doi.org/10.1155/2016/7806438
https://doi.org/10.1155/2016/7806438
https://doi.org/10.1681/ASN.2011050464
https://doi.org/10.1681/ASN.2011050464
https://doi.org/10.1371/journal.pone.0214256
https://doi.org/10.1681/ASN.2019100987
https://doi.org/10.1681/ASN.2019100987

	Clinical Significance of the Intensity of Glomerular Galactose-Deficient IgA1 Deposition in IgA Nephropathy
	Introduction
	Results
	Patient Characteristics
	High-intensity Group Shows Higher Levels of Proteinuria and Urinary Gd-IgA1
	Treatment Information
	Histological Acute Lesions Correlated With the Intensity of Glomerular Gd-Iga1 Deposition

	Discussion
	Disclosure
	Acknowledgments
	Author Contributions
	Supplementary Material
	References


