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Abstract: Immunoglobulin (Ig) A nephropathy (IgAN) is the most common form of glomerular 

disease worldwide and is associated with a poor prognosis. Thus, development of a curative treat-

ment and strategies for early diagnosis and treatment are urgently needed. Pathological analysis 

of renal biopsy is the gold standard for the diagnosis and assessment of disease activity; however, 

immediate and frequent assessment based on biopsy specimens is difficult. Therefore, a simple 

and safe alternative is desirable. On the other hand, it is now widely accepted that multi-hit 

steps, including production of aberrantly glycosylated serum IgA1 (first hit), and IgG or IgA 

autoantibodies that recognize glycan containing epitopes on glycosylated serum IgA1 (second 

hit) and their subsequent immune complex formation (third hit) and glomerular deposition (fourth 

hit), are required for continued progression of IgAN. Although the prognostic and predictive 

values of several markers have been discussed elsewhere, we recently developed a highly sen-

sitive and specific diagnostic method by measuring serum levels of glycosylated serum IgA1 

and related IgA immune complex. In addition, we confirmed a significant correlation between 

serum levels of these essential effector molecules and disease activity after treatment, suggesting 

that each can be considered as a practical surrogate marker of therapeutic effects in this slowly 

progressive disease. Such a noninvasive diagnostic and activity assessment method using these 

disease-oriented specific biomarkers may be useful in the early diagnosis of and intervention 

in IgAN, with appropriate indication for treatment, and thus aid in the future development and 

dissemination of specific and curative treatments.

Keywords: galactose-deficient immunoglobulin A1, anti-glycan antibody, immune complex, 

N-acetylgalactosamine, surrogate marker

Limitations of renal biopsy and urinalysis  
in assessment of disease activity
Immunoglobulin A nephropathy (IgAN) is the most common form of primary 

 glomerulonephritis worldwide, and is associated with a poor prognosis, resulting in 

end-stage kidney disease in approximately 40% of cases.1–3 Because the poor prognosis 

of IgAN is partly a result of delayed diagnosis, strategies for early diagnosis leading 

to early and effective medical intervention are urgently needed.

Pathological analysis of renal biopsy tissue is the gold standard for diagnosis of 

IgAN as well as assessment of disease activity and renal prognosis. However, the 

findings may differ according to the timing of renal biopsy during the 20-year course 

of IgAN.1,2 Different intervention periods may yield different findings on renal biopsy. 
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For example, in studies using a renal biopsy database from 

the southern USA, IgAN was commonly identified in renal 

biopsy tissue specimens from patients aged ,40 years, 

whereas focal glomerulosclerosis was reportedly the primary 

finding in patients aged $40 years.4 The authors pointed out 

that although primary focal glomerulosclerosis was most 

common in non-white individuals aged $40 years,  secondary 

focal glomerulosclerosis was more likely in Caucasians 

because of “burned-out” IgAN. Moreover, renal biopsy is 

not frequently performed because of procedural risks and/

or limitation of insurance coverage. These observations 

emphasize that renal biopsy provides only a snap-shot of the 

disease status and thus also has limitations in the assessment 

of disease activity. Furthermore, even if biopsy is performed 

early in the course of disease, findings may be inconclusive 

and prognosis may be difficult to predict. Even mild IgAN, 

presenting as hematuria or mild proteinuria with mild his-

tological lesions at the time of renal biopsy, progresses to 

renal failure in 30% of cases.3,5,6 To determine disease stage, 

a noninvasive, real-time activity assessment method separate 

from renal biopsy is desirable.

Urinalysis is often used to assess disease activity, although 

this method also has limitations and restrictions. However, 

to date, there is no clear method to distinguish proteinuria 

from acute glomerular inflammatory lesions such as cel-

lular crescents or burned-out sclerotic glomerulus in IgAN. 

Therefore, the rationale for treatment indication based on 

urinary protein levels in many clinical guidelines must be 

rigorously limited.

Taken together, activity assessment methods other than 

renal biopsy and urinalysis are needed. In addition to an 

objective method to assess disease activity, a simple and safe 

method of early diagnosis using valid biomarkers based on 

the pathogenesis of IgAN should be established.

Aberrantly glycosylated IgA  
and related IgA immune complexes 
as effector molecules in IgAN
Levels of the polymeric form of IgA are elevated in the serum 

of IgAN patients, whereas glomerular IgA in this disease 

is mainly of the IgA1 subtype.7,8 IgA1 has a longer hinge 

region, which can be glycosylated with various O-linked-

glycans with N-acetylgalactosamine (GalNAc), galactose, 

and sialic acid, depending on the activity of specif ic 

 glycosyltransferases.9 Previous reports have indicated that 

glomerular IgA1 in IgAN is either under-galactosylated.10,11 

Therefore, aberrantly glycosylated IgA1 has long been 

considered as a possible cause of IgAN.12 In recent years, 

an increase in serum  galactose-deficient IgA1 levels in 

patients with IgAN was quantitatively confirmed for the 

first time by Moldoveanu et al by use of an enzyme-linked 

immunosorbent assay using helix aspersa agglutinin lectin, 

which recognizes GalNAc residues.13 Moreover, Suzuki et al 

established immortalized B-cell lines that produce IgA1 

from peripheral blood B cells obtained from IgAN patients 

and analyzed the characteristics of GdIgA1.14 IgA1 from 

IgAN was polymeric-dominant and galactose-deficient or 

over-sialylated on terminal GalNAc.9,13 In addition, enzyme 

analysis revealed abnormal enzymatic activity, such as 

a decrease in β1,3-galactosyltransferase and an increase 

in α2,6-sialyltransferase activities, which are critical for 

incorporation of galactose and sialic acid into GalNAc, 

 respectively.14 Recent studies have shown that these enzy-

matic activities are possibly regulated by genetic mecha-

nisms and dysregulation of mucosal immunity.15–17

A question arises regarding where such GdIgA1 is 

generated. Some clinical evidence, such as exacerba-

tion of IgAN after upper respiratory tract infection, 

suggests mucosal contribution in the pathogenesis of 

IgAN. Indeed, some Japanese groups demonstrated aber-

rant glycosylation in IgA from palatine tonsils of IgAN 

patients,18,19 whereas some Chinese groups reported 

abnormal cytokine profiles in the tonsils leading to an 

imbalance in β1,3-galactosyltransferase and an increase in 

α2,6-sialyltransferase,20,21 indicating that palatine tonsils 

may be the primary site of GdIgA1.

Our recent studies further confirmed this notion. Most 

IgAN patients have decreased serum IgA levels after 

 tonsillectomy. In our analysis, we found an average decrease 

of nearly 10% at 4 weeks after tonsillectomy. Moreover, 

patients demonstrating a relatively large decrease in serum 

IgA levels (.10%) achieved better clinical outcomes after 

tonsillectomy,22 suggesting that nephritogenic IgA may play 

a role in the decrease in IgA after tonsillectomy. Indeed, high 

serum IgA levels (.315 mg/dL) and serum IgA/C3 ratio 

(.3.01) in association with hematuria (more than five red 

blood cells per high power field) and proteinuria (.0.3 g/day) 

have a diagnostic value for IgAN.23 To further confirm this 

idea, we directly evaluated changes in serum GdIgA1 levels 

by helix aspersa agglutinin lectin enzyme-linked immunosor-

bent assay before and 4 weeks after tonsillectomy.24 IgAN 

patients who demonstrated a significant decrease in serum 

GdIgA1 levels after tonsillectomy achieved significantly 

better improvement in hematuria, strongly indicating that 

at least some factors associated with nephritogenic GdIgA1 

are delivered from the palatine tonsils.24
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To determine whether GdIgA1 is the sole effector mol-

ecule of IgAN, Gharavi et al noted increased serum helix 

aspersa agglutinin-reactive GdIgA1 levels in patients with 

IgAN compared with those in their relatives; however, serum 

GdIgA1 levels in the relatives were still elevated compared 

with those in normal individuals who were not blood rela-

tives, regardless of the absence of nephropathy.25 Thus, IgAN 

pathogenesis cannot be explained on the basis of elevated 

GdIgA1 levels alone, because other pathological factors may 

be involved in the continued progression of IgAN.

In addition, the concentration of immune complexes 

containing IgA, specifically GdIgA1, is increased in the 

blood and urine of IgAN patients.8,9,12,26 Serum levels of 

 GdIgA1-IgA and GdIgA1-IgG in immune complexes are 

increased in IgAN.27 Suzuki et al have recently reported 

that the IgG autoantibodies that recognize  glycan-containing 

epitopes on GdIgA1 exhibit unique features in the 

 complementarity-determining region 3 of the variable region 

of their heavy chains.28 Furthermore, serum levels of IgG 

autoantibodies specific for GdIgA1 correlated with disease 

severity, as assessed by magnitude of proteinuria.28 The onset 

and progression of IgAN is believed to require GdIgA1 (first 

hit), as well as endogenous anti-glycan antibodies (second 

hit) and subsequent immune complex formation (third hit) 

and glomerular depositions of both (fourth hit).29

These multi-hit steps in disease progression were also 

reported in murine models of IgAN. IgAN-prone mice have 

elevated serum levels of mucosally regulated polymeric forms 

of IgA with aberrant oligosaccharide contents at the IgA 

hinge region30,31 and disease severity is not correlated with 

serum levels of IgA but rather with IgA immune complexes.32 

Indeed, complement activity, including the lectin pathway, 

was strongly induced in the murine IgAN model.33

Assessment of disease diagnosis  
and activity using serum biomarkers 
based on etiology
The above-described clinical and experimental findings sug-

gest that GdIgA1 and its related immune complexes with 

anti-glycan autoantibodies are essential effector molecules 

in IgAN pathogenesis; thus, serum levels of these molecules 

have shown potential as diagnostic markers for the clinical 

severity of IgAN.13,25,27,28

Recent studies demonstrated that increased GdIgA1 

levels were associated with worsening proteinuria and a 

greater risk of deterioration of renal function in IgAN.34,35 

In addition, the combination of high serum GdIgA1 levels 

and circulating levels of advanced oxidation protein products 

were correlated with a more rapid decline in estimated glom-

erular filtration rate, suggesting that oxidative stress linked 

to GdIgA1 may be involved in the pathogenesis of IgAN.35 

Although these reports did not analyze serum IgA immune 

complex levels, Berthoux et al reported that serum levels 

of IgG and IgA autoantibodies (specific for GdIgA1) at the 

time of diagnostic biopsy were significantly associated with 

clinical progression of IgAN towards dialysis/death.36 The 

findings of previous reports further confirmed the multi-hit 

hypothesis for the disease mechanism of IgAN,29 and indicate 

the possibility that evaluation of not only serum levels of 

the autoantigen (GdIgA1) but also those of autoantibodies 

to GdIgA1 or immune complexes with such antibodies27,28 

should be required as disease markers for IgAN.

Our recent study further demonstrated the value of 

these biomarkers for the assessment of disease activity.37 

We evaluated changes in serum levels of GdIgA1 and 

immune complexes with autoantibodies and demonstrated 

correlations with changes in urinary abnormalities in 50 IgAN 

patients, who showed complete or partial clinical remission 

following tonsillectomy with steroid pulse therapy before 

and 3–5 years after treatment. Cross-sectional analysis 

revealed that the degree of hematuria and proteinuria was 

significantly associated with serum levels of GdIgA1 and 

IgA immune complexes. In addition, longitudinal analyses 

showed that improvement of urinary abnormalities was well 

correlated with decreased serum levels of GdIgA1 and IgA 

immune complex from baseline values before treatment. 

Because the disease course of IgAN is slowly progressive, 

clinical studies to investigate the efficacy of therapy with hard 

end-point evaluations as observed in diabetic nephropathy, 

will take a long time to complete. However, these findings 

emphasize the potential value of these effector molecules as 

practical surrogate markers for evaluation of the efficacy of 

therapies for IgAN.

Higher serum levels of GdIgA1 and related immune 

complexes indicate their diagnostic value for IgAN.13,25,27,28 

However, previous studies have also shown elevated 

serum levels of GdIgA1 and immune complexes in some 

healthy individuals as well as other chronic kidney disease 

patients.13,14,25,27,28 In our analysis, 41% of IgAN patients had 

elevated serum GdIgA1 levels and 91% of these patients 

exhibited GdIgA1-specific IgG levels above the 90th per-

centile of healthy controls,38 consistent with a prior report.39 

Although up to 25% of controls with chronic kidney dis-

ease, particularly those with immune-mediated glomerular 

diseases including lupus nephritis, also had elevated serum 

levels of GdIgA1-specific IgG, most IgAN patients had 
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Figure 1 GdIgA1 and its related immune complex with anti-glycan autoantibodies are prospective disease-specific surrogate markers in IgA nephropathy. Recent clinical and 
experimental studies show that GdIgA1 and auto anti-glycan antibodies may be derived from the mucosa bone marrow axis.
Abbreviations: GdIgA1, galactose-deficient IgA1; IC, immune complex; Ig, immunoglobulin; LN, lymph nodes.

elevated levels of Gd-IgA1-specific antibody of both isotypes. 

Such a substantial overlap in serum levels of individual bio-

markers between patients with IgAN, controls with chronic 

kidney disease, and healthy controls suggests that no single 

biomarker was sufficiently specific for IgAN.38

Serum levels of GdIgA1-specific IgG were significantly 

higher in IgAN patients with elevated GdIgA1 levels 

(P,0.001). However, approximately 91% of IgAN patients 

with normal serum GdIgA1 levels also exhibited elevated lev-

els of GdIgA1-specific IgG,38 suggesting that auto-antibody 

production may occur independently of GdIgA1. Although 

serum levels of GdIgA1-specific autoantibodies have excel-

lent predictive properties to discriminate IgAN patients from 

healthy controls and patients with  non-immune-mediated kid-

ney disease, the specificity is lower for discriminating IgAN 

patients from those with other types of  immune-mediated 

kidney disease.38 Indeed, the assessment of GdIgA1-specific 

IgG showed the best performance for diagnosis of IgAN, with 

a sensitivity of 89% and specificity of 92%. However, these 

findings also suggest that a panel of such serum biomarkers 

may be helpful to differentiate IgAN from other glomerular 

diseases. In addition, other related markers, such as urinary 

GdIgA1 and immune complexes, should be assessed for 

addition to a panel in a larger cohort. Indeed, a multicenter 

trial of the diagnostic use of the panel with these biomarkers 

has already been initiated in Japan. Although their capa-

bility as prognostic markers to separate progressors and 

 nonprogressors to end-stage kidney disease must be of keen 

interest, it would take more time because the prognostic value 

should be evaluated by more follow-up data about IgAN 

activity assessment with these biomarkers.

Conclusion
Specific curative treatment is required for IgAN, which is the 

most common form of glomerulonephritis and is associated 

with poor prognosis. Future research is needed to establish 

specific treatment regimens. However, such specific treat-

ments may require early diagnosis of IgAN through specific 

targets before progression of commonly induced pathways 

that result in further kidney damage, such as sclerotic 

lesions, and an appropriate clinical trial with practical and 

disease-specific surrogate markers. As explained in this 

report, recent clinical and experimental studies emphasize 

that one of prospective diagnostic and disease assessment 

markers for IgAN are GdIgA1 and anti-glycan autoantibodies 

derived from the mucosa-bone marrow axis,40 and subsequent 

immune complexes (Figure 1). Therefore, noninvasive and 

real-time testing with such reasonable biomarkers on the basis 

of pathogenesis is critical to accomplish this goal.
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