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IgA nephropathy is one of the most common causes of glomerulonephritis in the world. Proliferative and crescentic forms of
IgA are found in up to 30% of cases and are associated with nephrotic-range proteinuria, accelerated hypertension, and
accelerated decline toward ESRD. Despite its prevalence and clinical importance, there is no unifying nomenclature or
consensus for the treatment of specific histologic subgroups. As a consequence, the development of clinically effective
treatment regimens for IgA nephropathy have lagged behind other, less common forms of glomerulonephritis. Herein is
reviewed the pathogenesis and histologic subtypes of IgA nephropathy and how conventional and immunosuppressive
therapies have an impact on renal survival and recurrence rates. The use of known clinical risk factors for disease progression
in conjunction with specific histologic features can be a guide to both induction and consolidation therapies for individual
patients with IgA nephropathy.
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Epidemiology and Natural History
IgA nephropathy (IgAN) is considered to be the most com-

mon form of glomerulonephritis in the world (1). Although
IgAN is prevalent in all ethnic groups, Japan and Korea have
some of the highest recorded incidences. For example, approx-
imately 50% of new cases of glomerulonephritis and 40% of all
ESRD in Japan are due to IgAN. This is in contrast to the United
States and Western Europe, where IgAN accounts for 10 and
30% of glomerulonephritis, respectively (2). Although these
disparities may reflect differences in public health awareness or
the willingness of nephrologists to perform diagnostic biopsies,
certain populations seem to have a genetic predisposition to the
development of IgAN (1).

The clinical presentation of a typical flair includes the devel-
opment of painless hematuria concurrent with the onset of a
viral pharyngitis, gastroenteritis, or pneumonia. Approxi-
mately 30 to 40% of patients with IgAN will present with gross
hematuria and renal dysfunction. Praga et al. (3) reviewed the
clinical course of 29 patients with gross hematuria secondary to
IgAN and demonstrated that 37% developed transient renal
failure. Although early renal dysfunction was more common in
patients with gross hematuria, complete recovery was experi-
enced by all 29 patients. These results are consistent with pre-
vious observations that patients with intermittent gross hema-
turia do not develop proteinuria and generally have a better
overall prognosis (4).

IgAN has been generally regarded as a benign form of glo-

merulonephritis, with approximately 25 to 30% of patients
reaching ESRD after 10 yr (5). Clinical risk factors linked to
progressive IgA disease include hypertension, proteinuria �1.0
g/24 h, male gender, and persistent microscopic hematuria,
(4–6).

Clinical Presentation of Crescentic/
Proliferative IgAN

Specific histologic features are associated with a poor prog-
nosis, including cellular crescents, endocapillary proliferation,
and karyorrhexis. It is interesting that these histologic signs
often do not correlate with existing clinical risk factors (7). For
example, Almartine et al. (8) examined the biopsies of 282
patients with IgAN and demonstrated that the presence of
crescents did not correlate with hypertension or proteinuria. In
contrast, Welch and colleagues (9–11) reported that �75% of
patients with IgAN and endocapillary proliferation had hyper-
tension at presentation, whereas up to 20% presented with
accelerated hypertension (mean arterial pressure �150 mmHg).
Moreover, Tumlin et al. (12,13) reviewed the clinical presenta-
tion of 20 patients who had IgAN with at least 10% cellular
crescents and demonstrated that all had hypertension (mean
arterial pressure �90 mmHg) with �1.0 g of proteinuria, and
an additional 33% presented with nephrotic-range proteinuria.

Pathogenesis of IgAN: Role of Polymeric IgA
IgAN is an immune complex glomerulonephritis that in-

volves intense deposition of dimeric and polymeric forms of
IgA1 within the mesangium of the glomerulus (14). In general,
glomeruli with the largest number of IgA complexes exhibit the
highest levels of neutrophilic infiltration and mesangial hyper-
cellularity, suggesting a causal link between IgA deposition
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and the development of glomerular inflammation (15). The
pathophysiologic mechanisms that predispose to the deposi-
tion of IgA complexes in the glomerular mesangium are un-
known. Elevated levels of IgA1 and IgA1-containing circulating
complexes are found in sera of most patients with IgAN (1). The
presence of J chains in the glomeruli of patients with IgAN has
led many investigators to conclude that polymeric IgA is the
predominate form in mesangial deposits (16). Moreover, the
observation that IgA complexes resolve when kidneys of pa-
tients with IgAN are transplanted into patients without IgAN
suggests that mesangial complexes are the result of deposition
as opposed to in situ synthesis (16).

Van Der Boog et al. (17) used recombinant CD89/Fc� recep-
tor to isolate polymeric IgA from 51 patients with IgAN and 21
healthy control subjects. Whereas the quantity of circulating
polymeric IgA was increased in patients with IgAN, the
amount of polymeric IgA eluted from mesangial deposits did
not differ between patients and control subjects. Moreover,
subsequent studies failed to demonstrate higher amounts of
polymeric IgA in patients with persistent hematuria or signif-
icant levels of proteinuria (�1.0 g/24 h) (18). These observa-
tions suggest that although polymeric forms of IgA may play a
role in the pathogenesis of IgAN, it is insufficient to generate
the full expression of the disease. Because mesangial cells ex-
press CD89 (Fc) receptors, others have suggested that accumu-
lation of IgA complexes within the mesangium is enhanced by
Fc receptor binding. Moreover, the interactions between IgA
molecules and CD89 receptors could stimulate the production
of proinflammatory cytokines, leading to matrix expansion and
additional glomerular inflammation (19).

Aberrant Glycosylation of IgA
Recent studies found that polymeric IgA complexes with

reduced glycosylation at the hinge region of the molecule ex-
hibit higher avidity for binding to mesangial cells (16). Two
prevailing theories have been postulated to explain this obser-
vation. The first involves the hypothesis that aberrant glycosyl-
ation of IgA1 molecules facilitates formation of polymeric IgA
and enhances mesangial deposition. Serine and threonine struc-
tures concentrated near the hinge region of the molecule un-

dergo O-glycosylation with oligosaccharides that include N-
acetyl-galactosamine (GalNAc) and N-acetylneuraminic acid
(NANA) (17). The importance of O-glycosylation to the forma-
tion of mesangial IgA deposits is illustrated by the work of
Sano et al. (15), who isolated IgA1 antibodies from normal
individuals and demonstrated that enzymatic removal of all
complex oligosaccharides from the hinge region significantly
enhanced IgA deposition within the mesangium. Allen and
colleagues (20,21) demonstrated that the amount of GalNAc-
deficient IgA1 in the kidney was significantly greater than that
in serum. Moreover, Hiki et al. (22) found that IgA eluted from
the biopsies of patients with active IgAN was more likely to
have reduced glycosylation compared with patients with inac-
tive disease. More specific, Xu and Zhao (23) quantified the
amount of NANA and GalNAc forms of IgA1 in the serum of
107 patients with biopsy-proven IgAN and demonstrated that
IgA molecules that were deficient in NANA or GalNAc glyco-
sylation were more likely to be eluted from patients with pro-
liferative disease.

IgG Anti-IgA1 Autoantibodies
The reduction in glycosylation at the hinge region not only

facilitates formation of polymeric IgA1 but also contributes to
its recognition as a neoantigen and the subsequent formation of
IgG autoantibodies against Gal-deficient IgA1 molecules. Sub-
sequently, either Gal-deficient IgA1 or IgG autoantibodies
against IgA1 bind to CD89 (FcR) expressed on the surface of
mesangial cells, leading to production of proinflammatory cy-
tokines, recruitment of circulating cells, and overt inflamma-
tion. More recently, polymeric IgA was shown to activate the
alternative compliment pathway through binding of mannose-
binding lectin (20). In this regard, polymeric IgA can recruit
additional inflammatory cells through the binding of CD89
receptors and complement activation via the mannose-binding
lectin–alternative pathway (20).

IgA Classification and Nomenclature
In its “classic” presentation, IgAN is characterized by a me-

sangiopathic process with expansion of the mesangial matrix,
immunofluorescent staining for IgA, and the proliferation of

Figure 1. (A) Hematoxylin-eosin stain demonstrating expansion of mesangial matrix with mesangial hypercellularity (bold arrows). (B)
Immunoflourescent mircoscopy for IgA deposition. Staining for IgA immune complexes within glomerular mesangium. (C) Electron
microscopy significant for expansion of mesangial matrix and presence of large mesangial dense deposits (arrow).
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mesangial cells (Figure 1). The histologic presentation of IgAN
is not limited to these findings but like other immune complex
glomerulonephritides can exhibit more aggressive histology,
including crescents, karyorrhexis, and endocapillary prolifera-
tion. In an attempt to provide a classification system to IgA
disease, Haas (7) reviewed the biopsies of 244 cases of IgAN
and classified patients according to the presence or absence of
specific histologic findings. Patients were divided into five
subclasses on the basis of the degree of mesangial cell prolifer-
ation (Figure 2A), the presence of endocapillary proliferation,
and the percentage of cellular crescents.

Proliferative IgAN
Class III and class IV disease represent the proliferative forms

of IgAN and are analogous to the World Health Organization’s
classification of proliferative lupus nephritis. Patients with class
III and Class IV demonstrate the presence of endocapillary
proliferation (Figure 2, B and C). The presence of crescents or
karyorrhexis is also a significant feature of class III/IV disease
but is not required for this designation. To determine the clin-
ical utility of this classification, Haas (7) correlated IgA class
with clinical outcomes and demonstrated that patients with
class IV disease had a 45% chance of developing ESRD within

5 yr (Figure 2C). Recent studies have raised the question of
whether the Haas classification has sufficient sensitivity for
clinical decision making (13). For example, patients require
�50% cellular crescents before being labeled as having class IV
IgA disease. However, recent prospective studies showed that
40% of patients with as little as 10% cellular crescents will
progress to ESRD within 3 yr (13).

The incidence of proliferative IgAN is unknown. A review
of the literature reveals that the worldwide incidence of
crescentic IgAN ranges between 8 and 36% (Figure 2D)
(1,24 –26). Indeed, up to 10% of patients with IgAN exhibit
acute necrotizing lesions (i.e., fibrinoid necrosis) in glomeruli
(27) (Figure 2E). These lesions tend to be focal and segmental
and accompanied by karyorrhexis and crescents. Hisano et al.
(28) reported that up to 11% of Japanese children present
with diffuse endocapillary proliferation (�80% of glomer-
uli), suggesting that more aggressive forms of the disease are
more prevalent among Asian populations. The incidence of
extracapillary proliferation is also poorly documented. Tang et al.
(29) retrospectively examined 2186 biopsies from patients with
IgA disease and documented that up to 2% of patients had cellular
crescents in �50% of glomeruli.

Figure 2. (A) Hematoxylin-eosin stain demonstrating mesangial hypercellularity and matrix expansion. (B) Hematoxylin-eosin
stain with mesangial cell hypercellularity and focal area of endocapillary proliferation (bold arrow). (C) Hematoxylin-eosin stain
demonstrating diffuse endocapillary proliferation and mesangial hypercellularity. Haas class IV IgA nephropathy. (D) Hematox-
ylin-eosin-silver stain demonstrating epithelial cell crescent with partial collapse of glomerular tuft. (E) Hematoxylin-eosin stain
demonstrating diffuse endocapillary proliferation and fibrinoid necrosis. (F) Silver stain demonstrating incipient crescent and
focal glomerular tuft adhesion to Bowman’s capsule.
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Treatment of Nonproliferative IgAN
The pathologic manifestations of IgAN are broad and can

range from mild mesangial hypercellularity to a rapidly pro-
gressive glomerulonephritis with fulminate crescents and en-
docapillary proliferation (7,30). The prognostic significance of
specific histologic lesions is unknown in part because of the
lack of a uniform nomenclature for specific IgA subgroups
(8–10,31–35). Moreover, the absence of defined subgroups im-
pedes the study of their natural history and the subsequent
development of specific clinical guidelines. Currently, the clin-
ical decision to treat a patient who has IgAN with angiotensin-
converting enzyme inhibitors (ACEI) alone or to add steroids or
fish oil supplements largely depends on the presence of clinical
signs associated with a poor prognosis. For example, patients
with minimal proteinuria (e.g., �500 mg/24 h) may be limited
to ACEI therapy, whereas patients with high-grade or nephrot-
ic-range proteinuria may have steroid hormones added to their
treatment.

Nonimmunosuppressive Therapy
Although numerous studies have shown the efficacy of an-

giotensin receptor blockers (ARB) and ACEI in the treatment of
IgAN, many of these studies were limited to patients who
presented with an overall favorable prognosis. However, two
recent studies examined the effect of ACEI on proteinuria and
disease progression in patients with hypertension and high-
grade proteinuria. For example, Praga et al. (36) prospectively
randomly assigned 44 patients with IgAN to enalapril or con-
ventional antihypertensive agents and demonstrated that ACE
inhibition significantly lowered proteinuria by 55%. Moreover,
after 4 yr of ACEI therapy, 100% of patients in the treatment
group had intact renal function, defined as �50% rise in serum
creatinine compared with 70% among the control subjects.
These renal survival rates are comparable to those observed by
Pozzi et al. (37) after corticosteroid therapy, suggesting that
ACEI/ARB therapy may be an alternative to immunosuppres-
sive therapy. Horita et al. (38) treated 31 patients who had
crescentic IgAN with ACEI/ARB combinations and demon-
strated a significant reduction in proteinuria. However, the
effect of combination therapy on long-term renal survival could
not be determined because of the short duration of therapy and
follow-up. Moreover, the failure to examine patient popula-
tions with similar degrees of renal pathology limits the ability
to compare different treatment regimens.

The use of omega-3 fish oil supplements is a well-established
adjunctive therapy for reducing proteinuria and slowing the
progression of IgAN (39–41). In a prospective study of 55
patients with IgAN and nephrotic-range proteinuria, Donadio
et al. (39) found that high-dosage (12 g) omega-3 fatty acid
supplements significantly reduced proteinuria and prolonged
renal survival. Subsequent studies demonstrated that a similar
protective effect could be observed using lower (4.0 g) dosages
of fish oil supplements (40). Although omega-3 fatty acids were
able to lower urinary protein beyond the effect of ACEI, it is
unknown whether a similar effect could be seen in patients
with proliferative forms of IgAN. In a placebo control study of
96 pediatric patients with biopsy-proven IgAN, Hogg et al. (41)

failed to demonstrate any protective effect of long-term steroids
(12 mo) or omega-3 fatty acid supplements (24 mo). The lack of
efficacy observed by Hogg et al. may reflect the higher propor-
tion of patients with proliferative forms of IgAN. For example,
up to 20% of patients had histologic evidence of endocapillary
proliferation, and another 6% had cellular or fibrocellular cres-
cents (42).

Steroid Therapy for Nonproliferative IgAN
The efficacy of steroid hormones in the treatment of IgAN

remains controversial. This is due in part to differences in trial
design, the slow progression of IgAN, and the failure to study
patients with similar degrees of disease severity (35). Koba-
yashi et al. (43) studied 46 patients with IgAN and compared
the effects of conventional therapy with 18 mo of steroids on
proteinuria and renal survival. After 5 yr, there was a modest
but NS reduction in renal survival among the control group
(100% steroid versus 85% control), whereas more prolonged
follow-up demonstrated that 61% of the control group com-
pared with 20% of the steroid group progressed to ESRD. In a
larger study, Pozzi et al. (37) randomly assigned 86 patients
with IgAN to tight BP control (�140/90) with ACEI or ARB
versus 6 mo of combined oral and intravenous steroids. Al-
though there was no improvement in renal survival after 2 yr,
only a single patient (2.3%) in the steroid group doubled serum
creatinine after 7 yr of follow-up compared with 13 (30.2%)
among the control group (P � 0.005). Using multivariate re-
gression analysis, Pozzi et al. demonstrated that patients with
�1 g of proteinuria after 6 mo of therapy were significantly less
likely to develop progressive IgAN (relative risk 0.58; P �

0.016). In contrast, Katafuchi et al. (44) randomly assigned 90
patients to 2 yr of steroid therapy or conventional treatment
and compared the effects on proteinuria and renal survival.
Although steroids significantly reduced proteinuria (2.27 to
0.34 g/24 h), long-term follow-up failed to demonstrate any
protective effect of steroids on renal function.

Proliferative IgAN: Efficacy of Steroid Therapy
To determine the role of immunosuppressive therapy in pa-

tients with proliferative forms of IgAN, Lai et al. (45) examined
the effects of short-term steroid therapy (4 mo) on proteinuria
in 34 patients with proliferative and nonproliferative forms of
IgAN. In patients with nonproliferative disease, proteinuria fell
from a mean of from 8.1 to 1.2 g proteinuria/24 h (P � 0.001),
whereas clinical symptoms of the nephrotic syndrome were
reduced in seven of eight patients. Short-term steroid therapy
seemed to be effective in patients with proliferative forms of
IgAN. Despite the presence of up to 30% cellular crescents
(group III), 4 mo of steroid therapy reduced proteinuria by a
mean of 44% in eight of 10 patients (P � 0.002). Moreover, Lai
et al. found that even a short course of steroid therapy seemed
to stabilize renal function. For example, 3.5 yr after treatment,
creatinine clearance in the steroid-treated group increased from
68 to 74 ml/min, whereas clearance in the control group fell
from 68 to 64 ml/min.

Table 1 shows the outcomes of 370 patients who were en-
rolled in nine different trials that compared steroid therapy
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with dipyridamole, tonsillectomy, or no treatment. Of the nine
trials, two were prospective, randomized trials; the remaining
seven were prospective, open-label studies. Follow-up was broad,
ranging from 1 mo to 10 yr. The mean proteinuria for all nine trials
was 1.81 g/24 h. The histopathology was not listed in each study,
but the majority listed the presence of cellular crescents.

Proliferative IgAN: Combination Steroid and Alkylating
Agents

Despite the lack of consensus regarding the prognostic sig-
nificance of crescents and other proliferative lesions, many
investigators have chosen to treat more aggressive forms of
IgAN with steroids, cyclophosphamide, or other alkylating
agents. For example, Ballardie and Roberts (46) treated 38 pa-
tients who had progressive IgAN with 3 mo of oral cyclophos-
phamide in combination with 2 yr of methylprednisolone. A
clear renal preservation was found among patients who re-
ceived combination steroids and cyclophosphamide. Renal sur-
vival in the combination group was 82, 82, 72, and 72% at 2, 3,
4, and 5 yr, respectively. In contrast, patients who were ran-
domly assigned to steroids alone experienced a significant de-
cline in renal function, with only 68, 47, 26, and 6% of patients
having intact renal function at the end of 5 yr. In a smaller
study, Roccatello et al. (47) treated 12 patients who had florid,
crescentic IgAN (60 to 80% crescents) with pulse Solu-Medrol
(1.0 g) and oral cyclophosphamide (1.5 mg/kg) for 8 wk. Again,
after 5 yr of follow-up, patients who received steroids and
cyclophosphamide had a 91% renal survival compared with
37% among untreated control subjects. Last, Tumlin et al. (12)
treated 20 patients who had �10% crescents on initial biopsy
with pulse Solu-Medrol and intravenous cyclophosphamide
and found that after 36 mo of follow-up, serum creatinine and
24-h urinary protein were significantly improved compared
with baseline. Moreover, repeat kidney biopsies performed
after 6 mo of therapy demonstrated complete resolution of
crescents and proliferative lesions.

A number of small studies have examined the efficacy of
mycophenolate mofetil (MMF) as an alternative therapy to
cyclophosphamide. Tang et al. (48) randomly assigned 40 pa-
tients to 6 mo of MMF compared with conventional therapy
including tight BP control (�125/85) with ACEI or ARB ther-
apy. Patients who were randomly assigned to MMF experi-
enced a 40% reduction in proteinuria at the end of 72 wk of
follow-up, whereas patients who received conventional ther-
apy developed worsening proteinuria (�20%). However, the
change in creatinine clearance was not different between the
two groups. In a randomized, prospective, placebo-controlled
trial, Maes et al. (49) treated 34 patients who had IgAN with
MMF (2.0 g/d) for 3 yr. In contrast to Tang et al., MMF did not
reduce proteinuria or improve renal survival, compared with
ACEI and tight BP control.

Effect of Immunosuppressive Therapy on Renal Histology
To determine whether steroids and other immunosuppres-

sive therapies improve renal histology, many investigators
have performed surveillance renal biopsies after the completion
of therapy. For example, Harmankaya et al. (50) found that

prednisolone and azathioprine reduced mesangial cell prolifer-
ation in 50% of patients. Moreover, there was a reduction in
glomerulosclerosis, tubular atrophy, or interstitial fibrosis. In a
similar study, Shoji et al. (51) compared the effects of steroid
therapy with dipyridamole in 21 patients with proliferative
IgAN. After 1 yr of therapy, repeat biopsies were performed in
19 of 21 patients and demonstrated that both cellular and
fibrocellular crescents were significantly reduced. Hotta et al.
(52) demonstrated that tonsillectomy and pulse methylpred-
nisolone eliminated cellular crescents in 32 (91%) of 35 patients.
Last, Tumlin and Hennigar (13) performed repeat renal biop-
sies in 20 patients after 6 mo of intravenous cyclophosphamide
and steroid therapy. Whereas all patients had a minimum of
10% crescents, endocapillary proliferation, or karyorrhexis at
study entry, none had residual proliferative lesions after the
completion of therapy. It is interesting that despite aggressive and
prolonged steroid therapy (36 mo), approximately 15% of patients
experienced a recurrence of proliferative IgAN with 3 yr.

Conclusions
Despite limitations within the existing literature, reasonable

clinical decisions regarding therapy for IgAN can be made on
the basis of a patient’s individual clinical and histologic risk
factors. For patients with hypertension but low-grade (�1.0 g)
proteinuria and mild histologic changes (i.e., mesangial expan-
sion with or without mesangial hypercellularity), the literature
supports conservative therapy using combination ACEI/ARB
therapy to achieve tight BP control (�125/85). Prospective
studies have demonstrated that for patients with higher grades
of proteinuria, omega-3 fatty supplements can slow progres-
sion of renal disease and affords patients a survival advantage.
Patients with accelerated hypertension or nephrotic-range pro-
teinuria or patients with proliferative lesions on renal biopsy
should be considered for immunosuppressive therapy. This can
include pulse or oral steroids with or without the addition of
alkylating agents; both of which have been shown to be safe
and effective in proliferative IgAN (13,46,53–56). Current stud-
ies do not support the use of MMF in the primary treatment of
IgAN but may play a role in long-term suppressive therapy
(41). Establishing effective therapies for IgAN will require the
creation of an international consensus on subgroup definitions,
which will in turn improve our understanding of the natural
history of IgAN. These data will be indispensable in the design
of trials that will answer the risk–benefit questions of aggres-
sive treatment for specific subgroups of IgAN.

Disclosures
None.
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