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Secondary IgA Nephropathy Shares
the Same Immune Features With Primary
IgA Nephropathy
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Introduction: Galactose-deficient IgA1 (Gd-IgA1) and related IgA/IgG immune complexes have been
identified as the key drivers in the pathogenesis of IgA nephropathy (IgAN). However, their roles in the
development of secondary IgAN are still unknown.

Methods: In this study, we measured the plasma Gd-IgA1 level, IgA/IlgG complex, and Gd-IgA1 glomerular
deposits in 100 patients with various kinds of secondary IgAN. Plasma Gd-IlgA1 was measured using a
lectin-based enzyme-linked immunosorbent assay, and Gd-IgA1 in glomerular deposits was examined by
double immunofluorescent staining using its specific monoclonal antibody KM55.

Results: Patients with secondary IgAN presented with higher plasma Gd-IgA1 levels compared to healthy
controls (median, 354.61 U/ml; interquartile range [IQR], 323.93, 395.57 U/ml vs. median, 303.17 U/ml; IQR,
282.24, 337.92 U/ml, P < 0.001) or patients with other kidney diseases (median, 314.61 U/ml; IQR, 278.97,
343.55 U/ml, P < 0.001). A similar trend was observed in plasma IgA/IgG immune complexes or IgA1.
There were no differences between secondary and primary IgAN in plasma Gd-IgA1 levels (median, 378.54
U/ml; IQR, 315.96, 398.33 U/ml, P = 0.700) and IgA1-lgG complex levels (median, 18.76 U/ml; IQR, 14.51,
22.83 U/ml vs. median, 19.11 U/ml; IQR, 13.21, 22.37 U/ml, P = 0.888). Co-localized IgA1 and Gd-IgA1 of
both secondary and primary IgAN indicated that they both share the feature of Gd-lgA1 deposits on the
glomerular mesangium.

Conclusion: Our study strongly suggests that secondary IgAN shares a similar galactose-deficient IgA1-
oriented pathogenesis with primary IgAN.
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gA nephropathy (IgAN) is the most common primary
I glomerulonephritis in the world and the leading
cause of end-stage renal disease in young adults. A
diagnosis is established by an examination of renal tis-
sue showing IgA as the dominant or co-dominant
immunoglobulin deposited in the glomerular mesan-
gium, usually accompanied by complement 3. IgA
deposition is also documented in patients with various
comorbidities, ranging from IgA vasculitis, cirrhosis,
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and autoimmune diseases to chronic infections and neo-
plasms, which suggest secondary IgAN.Z’7 Among
them, IgA vasculitis and chronic liver disease are the
leading causes of secondary IgAN.8 IgAN has been
found in 9% to 25% of patients who have undergone
biopsy at the time of liver transplantation.g’m Second-
ary IgAN clinically presents as hematuria with protein-
uria, hypertension, and chronic, slowly progressive
renal injury. No specific histologic features could
differentiate primary from secondary cases.”"'

The IgA deposited in the mesangial zones of patients
with primary IgAN is exclusively of the IgAl sub-
class.'” IgAl is one of the very few serum proteins to
process O-linked glycans (containing N-acetylga-
lactosamine, galactose and sialic acid) in the hinge re-
gion."”'* Tt is now firmly established that serum IgAl
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molecules are poorly O-galactosylated in patients with
IgAN, and, more importantly, that IgA deposited in the
mesangium and eluted directly from glomeruli pre-
dominantly comprises galactose-deficientIgAl (Gd-
IgAl)."” Gd-IgAl and Gd-IgAl—containing circulating
immune complexes have been identified among the key
effector molecules in the pathogenesis of IgAN.'
However, the pathogenic mechanism of secondary
IgAN has not been fully established.

A recent study confirmed that IgA vasculitis with
nephritis and primary IgAN have a shared feature
regarding Gd-IgAl—oriented pathogenesis'’; however,
it is still unclear whether Gd-IgAl is central to these
processes in other kinds of secondary IgAN. In this
study of 100 patients with various forms of secondary
IgAN, we evaluated immune features including circu-
lating Gd-IgAl, IgA/IgG immune complexes (IgA/IgG-
IC), and also glomerular Gd-IgAl deposition.

METHODS

Patients

The International Classification of Diseases code of
discharge diagnosis was searched to identify patients
with secondary IgAN with comorbidities including
cirrhosis, chronic inflammatory disease, chronic in-
fections, and neoplasms. We identified patients with
IgAN at Peking University First Hospital between
January 1, 2000, and May 31, 2018. IgAN patients with
hepatic B virus, hepatic C virus, or fatty liver were
excluded from our study for their ambiguous illness
progression. Complete clinical data, including age, sex,
systolic/diastolic blood pressure, serum creatinine, total
serum IgA, 24-h total protein excretion, and pathological
characteristics were collected at the time of renal biopsy.
Participants included 32 patients with primary IgAN, 41
with other renal diseases, and 39 healthy individuals
who served as controls. Written informed consent was
obtained from all the participants permitting the use of
clinical or pathological data in future studies when
entering the IgAN cohort. For this study, the protocol
was reviewed and approved by the Ethics Committee of
the institution without obtaining additional informed
consent (approval number: 2019-research-28).

Measurement of Plasma IgA1 and Gd-IgA1
IgAl and Gd-IgAl concentrations in plasma were
determined by enzyme-linked immunosorbent assay
(ELISA) as mentioned previously.'®

Briefly, plasma IgAl levels were determined using
capture ELISA. High-absorption polystyrene plates
(Thermo Fisher Scientific, Waltham, MA) were coated
with 2.5 [lg/ml F(ab’)2 fragment of goat anti-human IgA
(Jackson ImmunoResearch, West Grove, PA), and
blocked with 1% bovine serum albumin in phosphate-
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buffered saline with Tween 20. Diluted (80,000-fold)
plasma samples were detected with a monoclonal anti-
human IgAl horseradish peroxidase—conjugated anti-
body (Bio-Rad, Hercules, CA). The optical density (OD)
at 450 nm was measured after tetramethylbenzidine
liquid substrate system was applied.

To measure the Gd-IgAl level, microtitration plates
(Thermo Fisher Scientific) were coated with 2.5 [ig/ml
F(ab’), fragment of goat anti-human IgA (Jackson
ImmunoResearch), and blocked with 1% bovine serum
albumin phosphate-buffered saline with Tween 20. Di-
lutions (4000-fold) of duplicate plasma samples and
standards in blocking solution were incubated. The
captured IgA was desialylated by neuraminidase (Pro-
zyme, Hayward, CA). Plates were then incubated with
biotinylated Helix pomatia lectin (Sigma-Aldrich,
St. Louis, MO) and detected by ExtraAvidin-Peroxidase
(Sigma-Aldrich, St. Louis, MO). The tetramethylbenzi-
dine liquid substrate system was used for detection and
the optical density was measured at 450 nm with wave-
length correction at 570 nm. The Gd-IgAl values were
calculated by interpolating the optical density values on
calibration curves, constructed using 1:1 mixture of
commercial human IgAl and Gd-IgAl from plasma ex-
change buffer of one crescentic IgAN patient."”

The absolute Gd-IgAl value was multiplied by the
paired IgA1l value, and the new value was the adjusted
Gd-IgAl (AD-Gd-IgAl) value for each sample.

Measurement of Plasma IgA/IgG-IC by ELISA

Because IgA/IgG-IC have an important role in the patho-
genesis of primary IgAN, the levels of the IgAl-IgG
complex and IgA-IgG complex were investigated in pa-
tients with secondary IgAN.””*' Cross-capture ELISA was
used to determine plasma IgA/IgG-IC levels as
described.”” ELISA plates were coated with 2.5 fig/ml
F(ab’)2 fragment of goat anti-human IgA (Jackson
ImmunoResearch; for cross-capture of IgA-IgG com-
plexes) or 2.5 [g/ml rabbit anti human IgG (H+L)
(Abcam, Cambridge, MA; for cross-capture of IgAl-IgG
complexes), as described.'’ After washing and blocking
with 1% bovine serum albumin in phosphate-buffered
saline with 0.05% Tween, diluted (1:10,000) fresh
plasma was added for incubation with the same buffer.
The captured immunoglobulins were then detected with a
monoclonal mouse anti human IgG antibody (Abcam; for
cross capture of IgA-IgG complexes) or a biotin-labeled
mouse anti-human IgAl antibody (Southern Biotech,
Birmingham, AL; for cross-capture of IgAl-IgG com-
plexes). Goat anti-mouse—horseradish peroxidase anti-
body (Cwbio, Beijing, China) and ExtraAvidin-Peroxidase
(Sigma-Aldrich, St. Louis, MO) were used for detection.
The reaction was developed as described above. Com-
mercial human IgAl-streptavidin combined with human
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IgG-biotin was used as a standard for quantification.
IgAl-streptavidin was made by combining IgA1l (Abcam)
and a streptavidin conjugation kit (Abcam); IgG-biotin
was made by combining IgG (Sigma-Aldrich) and a bio-
tinylation kit (Abcam). Then, the IgAl-streptavidin and
IgG-biotin proteins were mixed 1:1 at 4 °C overnight as
standard IgA1-IgG complexes for quantification.

Double Immunofluorescent Stain of Gd-IgA1
and IgA1

Glomerular Gd-IgAl and IgAl deposition of IgAN and
was examined by double immunofluorescent staining as
described.!’ Briefly, dewaxed paraffin sections were sub-
jected to antigen retrieval using 0.05% bacterial protease
subtilisin A (Sigma-Aldrich, St. Louis, MO) at room tem-
perature for 30 minutes. Nonspecific binding was blocked
with 3% bovine serum albumin in phosphate-buffered
saline blocking solution. Sections were incubated for 1
hour at 37 °C with rat monoclonal anti-human Gd-IgAl
antibody (Immuno-Biological Laboratories, Japan), fol-
lowed by Alexa Fluor 555—conjugated goat anti-rat IgG
(Abcam) for 30 minutes at 37 °C. Samples were then
incubated with Alexa Fluor 488—conjugated monoclonal
mouse anti-human IgAl antibody (Southern Biotech) for
30 minutes at 37 °C. Slides were sealed with ProLong Gold
antifade reagent with 4,6-diamidino-2-phenylindole
(Invitrogen, Carlsbad, CA). For microscopic observation of
immunostained samples, a fluorescence microscope
DM2500 (Leica, Wetzlar, Germany), an automated slide
scanner Axio Scan Z1 (Zeiss, Oberkochen, Germany), and a
confocal microscope LSM780 (Zeiss, Oberkochen, Ger-
many) were used.

Statistical Analyses

Continuous variables are expressed as the mean £ SD,
and categorical variables are expressed as percentages.
A Student unpaired ¢ test and the Mann-Whitney U
test were performed for statistical comparisons. A two-
sided P value =0.05 was considered statistically sig-
nificant. All analyses and graphs were conducted using
R 3.4.4 software (St. Louis, MO).

RESULTS

Baseline Clinical and Pathological
Characteristics

A total of 100 patients with secondary IgAN entered
this study, including 20 with cirrhosis, 19 with rheu-
matoid arthritis, 9 with ankylosing spondylitis, 10 with
Sjogren syndrome, 25 with psoriasis, 1 with ulcerative
colitis, 3 with neoplasia, 3 with infections, 6 with
chronic obstructive bronchiolitis, and 4 with pulmo-
nary fibrosis. Patients with neoplasia did not show
pathological character of membranous or any other
glomerular lesion. There were 59 (52.2%) male
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participants, and the mean age was 45.7 + 14.9 years at
the time of kidney biopsy, which was much older than
that of the primary IgAN patients (37.9 + 11.2, P =
0.009) (Table 1). Systolic blood pressure was 131 £ 18
mm Hg, and diastolic blood pressure was 81 £ 13
mm Hg. The baseline characteristics of primary IgAN
and other renal disease controls are shown in Table 1.
Overall, patients with secondary IgAN had higher
serum IgA and IgG levels compared to patients with
primary IgAN but had no significant difference in
blood pressure and renal function compared to patients
with primary IgAN.

In this study, 32 primary IgAN patients, 39 healthy
volunteers, 25 glomerulonephritis patients, and 16
lupus nephritis patients were enrolled as controls.
Details of the patients’ characteristics are shown in
Supplementary Table S1.

Plasma IgA1 Level and Gd-IgA1 Level

Overall, the average plasma IgAl levels in patients with
secondary IgAN were much higher than those in the
primary IgAN group (median, 3.22 mg/ml; IQR, 2.41,
4.11 mg/ml, vs. median, 2.55 mg/ml; IQR, 1.85, 3.83
mg/ml, P = 0.042) and the healthy control group
(median, 1.94 mg/ml; IQR, 1.26, 2.56 mg/ml, P < 0.001)
(Figure 1). Among the patients with secondary IgAN,
the IgAl levels were highest in patients with concur-
rent cirrhosis (median, 3.79 mg/ml; IQR, 2.96, 4.44 mg/
ml) (Supplementary Figure S1).

The Gd-IgAl levels showed no difference between
patients with secondary and primary IgAN (median,
354.61 U/ml; IQR, 323.93, 395.57 U/ml vs. median =
378.54 U/ml; IQR, 315.96, 398.33 U/ml, P = 0.700). Gd-
IgAl levels in both groups were higher than those in
the healthy control group (median, 303.17 U/ml; IQR,
282.24, 337.92 U/ml, P < 0.001) or the other renal
disease control group (median, 314.61 U/ml; IQR =
278.97, 343.55 U/ml, P < 0.001). The absolute Gd-IgAl
(AD-Gd-IgAl, every Gd-IgAl value was multiplied by
the paired IgAl value) levels were highest in the sec-
ondary IgAN group (median, 1134.07 U/ml; IQR,
824.53, 1568.31 U/ml), compared to the primary IgAN
group (median, 972.88 U/ml; IQR, 592.41, 1299.98
U/ml, P = 0.097), the healthy control group (median,
626.97 U/ml; IQR, 369.21, 908.83 U/ml, P < 0.001), and
the other renal disease group (median, 512.97 U/ml;
IQR, 377.96, 871.01 U/ml, P < 0.001) (Figure 1).

IgA/IgG-IC Level Between Primary and
Secondary IgAN

The levels of IgA-IgG complexes were significantly
increased in patients with secondary IgAN (median,
13.91 U/ml; IQR, 11.47, 17.74 U/ml) compared to those
with primary IgAN (median, 10.44 U/ml; IQR, 8.17,
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Table 1. Data of the 4 groups of enrolled patients and healthy volunteers

Secondary IgA

nephropathy IgA nephropathy Nephropathy control Healthy control
No. of participants 100 32 41 39
Age (yn) 45.67 + 14.56 37.88 +11.16 39.8 4+ 17.56 34.95 + 8.69
Sex (male/female) 59/41 19/13 18/23 17/22
Protfeinuria (g/d) 2.65 2.97 5.26
SBP (mm Hg) 131 £ 18 131 £ 11 132 +£ 17
DBP (mm Hg) 81 +£13 83+ 9 84 + 14
MAP (mm Hg) 98 + 14 99+ 9 100 + 14
SCr (mmol/l) 158 + 150 240 + 227 191 £ 229
eGFR (ml/min per 1.73 m?) 64.9 + 35 49.3 + 33.8 71 + 43
Serum IgA (g/1) 4.27 + 1.60 330+ 1.14 1.92 +0.89
Serum IgG (g/l) 11.92 + 521 9.96 + 2.61 9.77 + 6.45
Serum C3 (g/l) 0.98 + 0.27 0.87 £ 0.18 0.83 + 0.47
Serum C4 (g/l) 0.28 + 0.35 0.21 + 0.05 0.19 £ 0.13

DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; MAP, mean arterial pressure; SBP, systolic blood pressure; SCr, serum creatinine.

11.24 U/ml, P = 0.006), healthy controls (median, 8.12
U/ml; IQR, 6.60, 9.45 U/ml, P < 0.001), and other renal
disease controls (median, 9.41 U/ml; IQR, 6.59, 12.59 U/
ml, P < 0.001).

In contrast, IgAl-IgG complex levels were not
significantly different between the secondary and pri-
mary IgAN groups (median, 18.76 U/ml; IQR, 14.51,
22.83 U/ml vs. median, 19.11 U/ml; IQR, 13.20, 22.37 U/
ml, P = 0.888) but were much higher than those of the
healthy controls (median, 11.29 U/ml; IQR, 7.11, 14.75
U/ml, P < 0.001) and other renal disease controls
(median, 13.48 U/ml; IQR, 7.90, 17.68 U/ml, P < 0.001)
(Figure 2).

Among the patients with secondary IgAN, the IgA-
IgG and IgAl-IgG complex levels of patients with
cirrhosis were both significantly higher than those of

patients with primary IgAN (IgA-IgG complexes: me-
dian, 14.36 U/ml; IQR, 12.30, 19.94 U/ml, P < 0.001;
IgAl-IgG complexes: median, 22.30 U/ml; IQR, 17.69,
29.80 U/ml, P = 0.042) (Supplementary Figure S2).

Glomerular Deposition of Gd-IgA1 in Patients
With Secondary IgAN

Seventeen patients with IgAN, including 2 primary
ones, 5 cases with cirrhosis, 1 rheumatoid arthritis, 1
ankylosing spondylitis, 1 Sjogren syndrome, 1 psoria-
sis, 1 ulcerative colitis, 1 neoplasia, and all were eval-
uated with double staining of IgA and Gd-IgAl.
Gd-IgAl in all glomeruli of both primary and second-
ary IgAN patients was distributed in a pattern similar
to that of IgAl (Figure 3; Supplementary Figure S3).
Although the staining pattern and intensity differed

a b c
IgA1 (mg/ml) Gd-IgA1 (U/ml) IgA1xGd-IgA1 (U/ml)
8' ¢ ] Oe [ 1e]
P <0.001
P <0.001 560 reboor 4t
P=0.0428 ———h,
—_— P=10.097[0
| P=10.006 ]
61 o > 20001 P<0.001
400+ o|® ©
° §
@
Ol
4 ® o o
OO S0
{Oo 0%0 o 300- 10001 &
®| o e = (e}
2{ | Ofi e L
38 [e) o% T of
°l® 2001 4 o} °
NC HC IgAN S-IgAN NC HC IgAN S-IgAN NC HC IgAN S-IgAN

Figure 1. Plasma immunoglobulin A1 (IgA1), galactose-deficient IgA1 (Gd-IgA1), and adjusted galactose-deficient IgA1 (AD-Gd-IgA1) levels in
nephropathy controls (NCs), healthy controls (HCs), IgA nephropathy cases (IgANs), and secondary IgA nephropathy cases (S-IgANs). (a)
Plasma total IgA1; (b) plasma Gd-IgA1; (c) plasma Ad-Gd-IgA1 (IgA1x Gd-IgA1). Triangles, data for IJANs with concurrent cirrhosis.
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Figure 2. Detection of circulating IgA/lgG immune complex (IgA/IgG-IC) in nephropathy controls (NCs), healthy controls (HCs), IgA nephropathy
cases (IgANs), and secondary IgA nephropathy cases (S-IgANs). (a) IgA1-IgG complex; (b) IgA-lgG complex. Triangles, data for IgANs with

concurrent cirrhosis.

among patients, IgAl and Gd-IgAl overlapped and
were observed mainly in the mesangial and capillary
regions. However, in lupus nephritis, only IgAl was
deposited in glomeruli but not Gd-IgAl, the same
result as previous data.'”*’

DISCUSSION

Although secondary IgAN is observed in many con-
ditions, the pathogenesis is still not fully established.
Gd-IgAl- and IgAl-containing circulating immune
complexes are among the key effectors in the patho-
genesis of primary IgAN.24 In this study, we evaluated
the immune characteristics of IgAN that were second-
ary to cirrhosis, immune diseases, and infections. Our
results showed that patients with secondary IgAN
showed high levels of circulating Gd-IgAl and IgAl-
IgG complexes that were similar to those of patients
with primary IgAN. In addition, using a Gd-IgAl—
specific monoclonal antibody, KM55, we showed
glomerular deposition of Gd-IgAl in secondary IgAN.
These immune characteristics showed no difference
from primary IgAN. However, they were not observed
in other glomerular diseases. These findings suggest
that secondary IgAN has a shared feature with primary
IgAN regarding Gd-IgAl—oriented pathogenesis.
Secondary IgAN is reported mostly in IgA vasculitis,
gastrointestinal or liver disorders, and autoimmune
diseases. In a recent study on IgA vasculitis nephritis,
Suzukiet al. detected Gd-IgAl in the glomeruli in pa-
tients with IgA vasculitis nephritis.'” Cassol et al. also
reported that Gd-IgAl staining was present in 96% of
patients with other secondary IgAN (n = 27) diseases,
such as liver cirrhosis, psoriasis, and inflammatory
bowel disease.”” In a French cohort, galactose
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deficiency and decreased sialylation of IgA1l, as well as
increased amounts of abnormally glycosylated poly-
meric IgAl, were detected in the serum of patients with
advanced alcoholic cirrhosis.”” The association of IgAN
with multiple autoimmune disorders, including rheu-
matoid arthritis and psoriasis, has frequently been re-
ported.””?” Patients with rheumatoid arthritis had
elevated levels of serum IgA, and IgG anticitrullinated-
protein antibodies displayed less galactose and sialic
acid on their Fc portion.”® Whether a similar change in
glycosylation occurs for IgAl remains to be deter-
mined. In the Japanese cohort Suzuki et al. did not find
kidney Gd-IgAl deposits in other secondary IgANs
except for IgA vasculitis, but this might due to only
include 3 hepatitis C virus—related IgANs and one he-
patic glomerulosclerosis, and more studies are still
needed.'” In this study, with a broader range of sec-
ondary IgANs, including cirrhosis, inflammatory
bowel disease, autoimmune disorders and neoplasms,
we confirmed that high circulating Gd-IgAl and IgAl-
IgG complexes, features of primary IgAN, were also
observed in these secondary IgANs. Using a Gd-
Ig Al—specific monoclonal antibody, we demonstrated
that IgAl deposited on the kidney in secondary IgAN
displayed galactose deficiency on O-glycans.

In this study, we found that both primary and
secondary IgAN shared the same pathogenesis as the
increased circulating IgA1-IgG complex containing Gd-
IgAl. However, the reasons for this might be different.
As shown in this study, plasma levels of IgAl in pa-
tients with secondary IgAN were 2- to 4-fold higher
than those in healthy controls, and 1- to 2-fold higher
than those in primary IgAN, especially for patients
with concomitant cirrhosis. Hypergammaglobulinemia
in patients with cirrhosis may result from increased
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Figure 3. Glomerular deposition of galactose-deficient IgA1 in patients with types of secondary IgA nephropathy (IgANs) and controls. Double staining
with anti—Gd-IgA1 mAb (red) and anti-IgA1 mAb (green). Merged figures were also added to the 4 6-diamidino-2-phenylindole channel. Bars = 50 pum.

synthesis and/or decreased clearance of Ig, which may
play a role in the development of secondary IgAN.**'
Asialoglycoprotein receptor on hepatocytes binds
desialylated glycoproteins through recognition of gly-
cans with terminal galactose or N-acetylgalactosamine
and appears to be the main clearance process of
IgA.”””" The reasons for the overproduction of
abnormal glycosylated IgAl were unclear, but partially
relevant to the pathogenic bacteria translocation,
especially in patients with cirrhosis.’' There are nearly

170

100 trillion bacteria in the gastrointestinal tract, usu-
ally peacefully coexisting with secretory IgA. Cirrhosis
disrupts the homeostasis at multiple interconnected
levels, including the pathological bacterial trans-
location, intestinal permeability, and
abnormal antimicrobial peptide production and clear-
ance.’” With the disturbed intestinal barrier in patients
with cirrhosis, pathogenic bacteria translocation in-
duces a proinflammatory environment of the mucosal
system. This environment may stimulate a large

increased
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amount abnormal glycosylated IgAl. Recent genome-
wide association studies strongly indicate that many
Ig AN-associated loci also affect other autoimmune and
infectious diseases, including inflammatory bowel dis-
ease (IBD) and rheumatoid arthritis.”” In patients with
IBD, the bowel mucosa may also be an important source
of Gd-IgAl. However, there was only one patient with
IBD in our study, and future study is needed to confirm
this association in more patients with IBD. In this
study, we confirmed that both circulating IgA1-IgG or
IgA-IgG complexes as well as Gd-IgAl deposits in the
kidney showed similar characteristics between primary
and secondary IgAN.

As far as we know, this study is the first to inves-
tigate immune characteristics among a wide range of
secondary IgANs. The strengths of this study were the
inclusion of nearly all known secondary IgANs and the
large sample size. The major limitation of this study
was that we did not investigate IgAl-specific anti-
glycan antibodies; instead, we measured the IgAl-IgG
complex. The high level of circulating IgA1-IgG com-
plex suggested that anti-glycan antibodies might also
be involved in secondary IgAN. Additional studies are
necessary to determine whether anti-glycan autoanti-
bodies are central to these processes, as in primary
IgAN. Another limitation is that there was only one
patient with secondary IgAN combined with IBD
among our patients with secondary IgAN. There has
recently been increasing interest in the possibility that
the bowel mucosa may be an important source of Gd-
Igal.”

In conclusion, we demonstrated that circulating
IgAl and glomerular IgAl displayed galactose defi-
ciency of O-glycans in patients with secondary IgAN.
In addition, plasma IgAl-IgG complex levels were also
high in these patients. These immune characteristics
showed no difference between primary and secondary
IgAN. Our findings suggest that secondary IgAN
shared a similar Gd-IgAl—oriented pathogenesis with
primary IgAN.
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Table S1. Various kinds of glomerulonephritis patients.
Figure S1. Plasma immunoglobulin A1 (IgA1), galactose-
deficient IgA1 (Gd-IgA1) and adjusted galactose-deficient
IgA1 (AD-Gd-IgA1) levels in subgroups of enrolled pa-
tients and healthy volunteers.

Figure S2. Detection of circulating IgA/IgG immune
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