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Proliferative Glomerulonephritis
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Abstract
Monoclonal gammopathy is characterized by circulating monoclonal immunoglobulin owing to clonal
proliferation of immunoglobulin-producing B lymphocytes or plasma cells. Clonal proliferation of B lymphocytes is seen in B-cell lymphoma/leukemia, and clonal plasma cell proliferation is seen in multiple
myeloma and monoclonal gammopathy of undetermined signiﬁcance. The monoclonal immunoglobulin in
the setting of a B-cell or plasma cell disorder can cause a proliferative glomerulonephritis via 2 mechanisms: (1)
glomerular deposition of the monoclonal immunoglobulin with activation of the classical pathway of complement (direct mechanism), resulting in an immunoglobulin-positive C3-positive glomerulonephritis, and
(2) glomerular deposition of complement factors of the alternative and terminal pathway via inhibition of
alternative pathwayeregulating proteins by the monoclonal immunoglobulin (indirect mechanism), resulting
in immunoglobulin-negative C3-positive glomerulonephritis (C3 glomerulopathy). Evaluation should
include serum and urine electrophoresis and immunoﬁxation as well as serum-free light-chain assay. If a
monoclonal immunoglobulin is detected on these tests, bone marrow biopsy or imaging is needed to exclude
more advanced plasma cell dyscrasia. Evaluation of alternative pathway of complement should be done in
patients with Ig-negative C3-positive glomerulonephritis. If monoclonal gammopathy is due to an underlying
malignant disease such as myeloma, lymphoma, or chronic lymphocytic leukemia, then speciﬁc treatment
should be aimed at treating the malignant disease, with the goal of eradicating the clonal cells producing the
immunoglobulin. In contrast, if monoclonal gammopathy is due to a monoclonal gammopathy of undetermined signiﬁcance, treatment options include bortezomib, cyclophosphamide, and dexamethasone for a nonIgM monoclonal immunoglobulin and rituximab alone or in combination with cyclophosphamide and
dexamethasone for an IgM monoclonal immunoglobulin.
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onoclonal gammopathies consist of
a heterogeneous group of disorders
characterized by clonal proliferation
of immunoglobulin-producing B lymphocytes
or plasma cells.1,2 In most patients, the proliferating cells continue to secrete immunoglobulin, which can be detected in the blood or
the urine as a monoclonal immunoglobulin
(M protein). There is frequent secretion of the
light chain component of the immunoglobulin
molecule (k or l light chains) in addition to
intact immunoglobulin, suggesting dysregulation of the normal antibody synthetic pathways.3 In some instances, the neoplastic cells
lose the ability to synthesize the normal heavy
chain component of the immunoglobulin molecule and instead secrete only k or l light chains.4
The clinical spectrum of monoclonal gammopathies is wide and includes classic malignant diseases such as multiple myeloma and
Waldenström macroglobulinemia; clonal, but
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nonmalignant, paraprotein-related disorders
such as light chain amyloidosis; and the incidentally detected premalignant plasma cell
dyscrasia termed monoclonal gammopathy of
undetermined signiﬁcance (MGUS).1,5
Monoclonal gammopathy of undetermined
signiﬁcance is present in approximately 3% of
the general population aged 50 years and
older.6,7 It is associated with a risk of progression
to multiple myeloma or related plasma cell malignancy, as well as to paraprotein-related disorders such as light chain amyloidosis.1 Although,
by deﬁnition, MGUS is a premalignant process,
the secreted M protein is often a functioning antibody and can thus be associated with various
clinical diseases depending on the antigen being
targeted or the intrinsic property of the antibody.8 Because MGUS is present in 3% of the
population, numerous disease associations have
been reported in the literature, but most are
coincidental and not causally related to the
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M protein.8 A true association is considered only
when the prevalence of an M protein in a given
disease approaches levels far higher than what
would be expected by the known prevalence of
MGUS.8 In addition, there should be clear
pathologic and laboratory evidence to support
a causal relationship. On the basis of these
criteria, it is well accepted that the M protein
in MGUS can lead to disorders such as peripheral neuropathy, monoclonal immunoglobulin
deposition diseases, cold agglutinin disease,
and cryoglobulinemia. More recently, we
have found that a substantial proportion of
cases of “idiopathic” proliferative glomerulonephritis are related to MGUS or associated
monoclonal gammopathies.9-13
Proliferative glomerulonephritis results when
immune complexes and/or complement factors
are deposited in the glomerulus.14 The deposition of immune complexes and/or complement
factors results in an inﬂammatory response with
an inﬂux of leukocytes and ensuing glomerular
injury. Immune complexes are deposited in the
glomeruli in the setting of infections, autoimmune diseases, and monoclonal gammopathy.14
In contrast, complement factors, in the absence
of signiﬁcant immune deposits, are deposited
in conditions associated with dysregulation of
the alternative pathway of complement components. The term C3 glomerulopathy is used to
deﬁne conditions associated with abnormalities
of the alternative pathway and includes C3
glomerulonephritis (C3GN) and dense deposit
disease (DDD).15-18
Monoclonal gammopathies can lead to proliferative glomerulonephritis via 2 mechanisms:
direct and indirect (Figure 1). The direct mechanism involves deposition of monoclonal
immunoglobulin (also referred to as “monotypic” immunoglobulin) in the mesangium
and along capillary walls, resulting in an immune complexemediated proliferative glomerulonephritis.10,12 Monoclonal immunoglobulins
activate the classical and terminal pathways of
complement, resulting in the glomerular deposition of complement factors of the classical and
terminal complement pathways along with
monoclonal immunoglobulins. The indirect
mechanism involves the activation of the alternative pathway of complement by the
monoclonal immunoglobulin, resulting in the
deposition of complement factors of the alternative and classical pathways in the absence
Mayo Clin Proc. n November 2013;88(11):1284-1293
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Monoclonal gammopathy can be associated with a proliferative
glomerulonephritis.
A proliferative glomerulonephritis may result from the direct
glomerular deposition of monoclonal immunoglobulins (direct
mechanism). Monoclonal immunoglobulins also activate the
classical and terminal pathways of complement. Thus, on kidney
biopsy, both the monotypic immunoglobulin and the complement factor C3 are present.
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A proliferative glomerulonephritis may result when monoclonal
immunoglobulins cause activation of the alternative pathway via
functional inhibition of complement-regulating proteins (indirect mechanism), resulting in the deposition of complement
factors of the alternative and terminal pathways. Thus, on kidney biopsy, only the complement factor C3 is present.
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The evaluation of monoclonal gammopathy should include
serum and urine electrophoresis and immunoﬁxation as well as
serum-free light chain assay, followed by bone marrow and
imaging studies to identify the underlying disorder.
Treatment should be aimed at eradicating the population of
clonal cells responsible for the offending immunoglobulin.
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of signiﬁcant immunoglobulin deposition (C3
glomerulopathy).9,19
In addition, monoclonal gammopathy may
be associated with a proliferative glomerulonephritis with speciﬁc pathologic ﬁndings such
as ﬁbrillary glomerulonephritis, immunotactoid
glomerulopathy, and monoclonal immunoglobulin deposition diseases. These speciﬁc pathologic entities are not considered here. The term
monoclonal gammopathy of renal signiﬁcance has
recently been proposed to include various renal
disorders associated with MGUS.11 This new
term is a generic term that is useful in highlighting the potential relationship of MGUS
with kidney disease in clinical settings. However, once a pathologic diagnosis is made, we
recommend that the speciﬁc disorder should
be stated, such as monoclonal gammopathye
associated proliferative glomerulonephritis and
monoclonal gammopathyeassociated ﬁbrillary
glomerulonephritis. PubMed was searched for
the terms monoclonal gammopathy, proliferative
glomerulonephritis, membranoproliferative glomerulonephritis, C3 glomerulopathy, alternative
pathway of complement, and glomerulonephritis.
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FIGURE 1. Schematic model for monoclonal gammopathyeassociated proliferative glomerulopathy. Left, Direct mechanism: binding of
monoclonal immunoglobulin to complement factors of the classical pathway results in the activation of the classical pathway (red oval
structures) and the terminal pathway (purple oval structures) of complement components. Mesangial and subendothelial deposition of
the monoclonal immunoglobulin and factors of the classical and terminal pathways then results in mesangial and capillary wall injury.
Right, Indirect mechanism: monoclonal immunoglobulins cause the activation of the alternative pathway by acting as autoantibodies to
complement-regulating proteins (red/green squares or blue/red circles) or C3 convertase (C3 nephritic factor; yellow oval structures),
which is followed by the activation of the terminal pathway of complement components. The mesangial and subendothelial deposition
of the complement factors of the alternative and terminal pathways then results in mesangial and capillary wall injury with the development of C3 glomerulopathy. Note the lack of immunoglobulin deposition along capillary walls. The injury phase in both direct (left)
and indirect (right) mechanisms is followed by leukocyte inﬂux, leading to a proliferative phase with damage to the capillary walls from
the release of cytokines and proteases (P) and ensuing hematuria and proteinuria. The endothelial cells exhibit loss of fenestrations; the
glomerular basement is disrupted; and podocytes exhibit the effacement of foot processes. Reparative changes follow with new
basement membrane formation and entrapment of immune complexes with or without complement factors (left) or complement
factors only (right), cellular elements, and matrix material, resulting in double contours along the capillary walls.
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DIRECT MECHANISM
In the direct mechanism, proliferative glomerulonephritis results from the deposition of the
monoclonal immunoglobulin and complement
factors of the classical and terminal pathways in
the glomeruli.

Pathologic Findings
On kidney biopsy, the most common pattern
of injury is a membranoproliferative glomerulonephritis. Less commonly, other patterns of
proliferative glomerulonephritis can be seen,
such as mesangial proliferative glomerulonephritis, diffuse proliferative glomerulonephritis,
crescentic and necrotizing glomerulonephritis,
and sclerosing glomerulonephritis.10,12 The
most important element for the diagnosis is
immunoﬂuorescence microscopy, which characteristically reveals monoclonal immunoglobulin deposits in the mesangium and along
capillary walls. The deposits are composed of a
heavy chain component, typically IgG, and a
light chain component, either k or l light chain.

However, it is important to note that any class of
monoclonal immunoglobulin can cause a proliferative glomerulonephritis.13 Less commonly, only heavy or light chains may be present.
Electron microscopy reveals mesangial and subendothelial electron dense deposits and rarely
subepithelial and intramembranous deposits.
Glomerular capillary wall remodeling with double contour formation is often present. In rare instances, the deposits may be difﬁcult to locate
on electron microscopy, even though immunoﬂuorescence studies report monoclonal immunoglobulin deposition. Representative kidney
biopsy ﬁndings of proliferative glomerulonephritis due to monoclonal immunoglobulin deposition are illustrated in Figure 2.
Clinical Studies
In a recent study, a serum M protein was
detected in 28 of the 61 patients (46%) with
proliferative glomerulonephritis after exclusion
of systemic lupus erythematosus and viral hepatitis B and C.12 In 20 of the 28 patients (71%),
monoclonal immunoglobulin deposits of the

FIGURE 2. Representative kidney biopsy ﬁndings in a patient with membranoproliferative glomerulonephritis and monoclonal
immunoglobulin deposits. The patient is a 73-year-old man with nephrotic syndrome, hypertension, and worsening kidney function.
Kidney biopsy reveals a (A) membranoproliferative pattern of injury on light microscopy (periodic acid Schiff stain, original magniﬁcation 40); granular mesangial and capillary wall staining for (B) IgG, (C) C3, (D) k light chains, and (E) negative l light chains
staining on immunoﬂuorescence microscopy (B-E, original magniﬁcation 40); and (F) subendothelial deposits (arrows) on electron
microscopy (original magniﬁcation 23,000). On further evaluation, serum immunoﬁxation studies did not reveal monoclonal bands.
However, k free light chains were elevated at 5.15 mg/dL, with l free light chain of 2.45 mg/dL and ratio of 2.1.
Mayo Clin Proc. n November 2013;88(11):1284-1293
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same isotype as the serum M protein could be
detected in the glomeruli on immunoﬂuorescence microscopy. The isotype of monoclonal
immunoglobulin included IgG, IgM, and, in
one case, IgA. Patients most often presented
with hypertension, proteinuria, and kidney
failure. C3 and C4 levels were both low in approximately 40% of the patients, indicating
activation of the classical pathway of complement components. Monoclonal gammopathy
of undetermined signiﬁcance was the most
common (57%) underlying monoclonal gammopathy in these patients; other causes include
chronic lymphocytic leukemia (CLL), lymphoplasmacytic lymphoma/Waldenström macroglobulinemia, low-grade B-cell lymphoma,
and multiple myeloma.20
Nasr et al10 retrospectively examined 37
patients with proliferative glomerulonephritis
with monoclonal immunoglobulin deposits.
In this study, a corresponding serum M protein
was documented in only 11 patients (30%),
which suggests that proliferative glomerulonephritis can be caused by small amounts of
monoclonal immunoglobulin that are well
below the level of detection in the systemic circulation through serum immunoﬁxation. In
fact, 1 of the 11 patients (9%) had no serum
M protein in the initial evaluation; the systemic
monoclonal gammopathy became detectable
only 3 years later on follow-up testing. It is
possible that additional evaluation by using
more sensitive methods such as the serumfree light chain assay or multiparametric ﬂow
cytometry of the bone marrow could have
detected a systemic monoclonal gammopathy
in more patients. All the patients in this series
had a monoclonal immunoglobulin deposit of
the IgG isotype: IgG1 (28.1%), IgG2 (6.3%),
and IgG3 (65.6%). IgG3 monotypic deposits
were more likely to be associated with the
absence of the M protein on serum immunoﬁxation. On follow-up, available in 32 of the 37
patients (86%), 37.5% recovered kidney function, 37.5% developed persistent renal dysfunction, and 22% progressed to end-stage
kidney disease.
The causal nature of the relationship between monoclonal immunoglobulin and proliferative glomerulonephritis is illustrated by a
study of 4 patients with monotypic IgG3 on kidney biopsy who underwent renal transplant.
Despite negative results of serum studies for M
1288
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protein at the time of transplant, all 4 patients
had early recurrence of proliferative glomerulonephritis with monotypic immunoglobulin
deposits in the graft.21 The recurrence in these
patients also supports the hypothesis that
some patients may have circulating monoclonal
immunoglobulin below the threshold of detection by current techniques.
INDIRECT MECHANISM
In the indirect mechanism, monoclonal immunoglobulin causes dysregulation of the alternative pathway, and thus, there is deposition of
complement factors of the alternative and terminal pathways in the glomeruli, with the
development of C3 glomerulopathy.
Pathologic Findings
As in the direct mechanism, the most common
pattern of injury in both DDD and C3GN is a
membranoproliferative glomerulonephritis. Less
common patterns of injury include mesangial
proliferative glomerulonephritis, diffuse proliferative glomerulonephritis, crescentic and
necrotizing glomerulonephritis, and sclerosing
glomerulonephritis.15,16,22 The most important
diagnostic ﬁnding is the presence of bright
mesangial and capillary wall staining for C3
and the absence of any signiﬁcant immunoglobulin deposits on immunoﬂuorescence microscopy (Figure 3). The difference between DDD
and C3GN is in the electron microscopy ﬁndings: DDD is characterized by dense intramembranous deposits, whereas C3GN exhibits
mesangial, intramembranous, subendothelial,
and occasionally subepithelial deposits.16,17
Although DDD and C3GN may occur in the
de novo setting, secondary causes or insults
that result in the unmasking of an abnormality
of the alternative pathway are more likely to
cause C3 glomerulopathy. The dysregulation
of the alternative pathway of complement
can result from either autoantibodies to or
sequence variations in complement-regulating
proteins, such as complement factor H.23,24
Infections are another important secondary
cause of C3 glomerulopathy, as they may
unmask an underlying abnormality in the
alternative pathway of complement components.25 Monoclonal immunoglobulins inhibit regulation of the alternative pathway of
complement by interfering with the function
of complement-regulating proteins, which
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FIGURE 3. Representative kidney biopsy ﬁndings in a patient with C3GN and monoclonal gammopathy. The patient is a 53-year-old
woman with nephrotic syndrome and hypertension. Serum immunoﬁxation studies revealed IgG k. Bone marrow studies revealed
slightly increased numbers of plasma cells (5%) with k light chain restriction. Laboratory studies were negative for cryoglobulins. Kidney
biopsy revealed a (A) membranoproliferative pattern of injury on light microscopy (periodic acid Schiff stain, original magniﬁcation
40), (B) bright C3 staining (original magniﬁcation 40) and negative immunoglobulin staining on immunoﬂuorescence microscopy,
and (C) subendothelial deposits (arrow) on electron microscopy (original magniﬁcation 5800). Further evaluation revealed abnormalities in the alternative pathway of complement components.

leads to overactivation of the alternative pathway, resulting in DDD or C3GN.
Clinical Studies
In a recent series of 14 patients with DDD aged
49 years and older, 10 (71%) had a concomitant diagnosis of MGUS.19 The mean age was
61.2 years. Six of the 10 patients (60%) had
progression to end-stage kidney disease, and
1 (10%) received a kidney transplant with early
recurrence of DDD. In an index case, low levels
of factor H autoantibodies, a permissive genetic
background (H402 allele of the complement
factor H), and the activation of the alternative
pathway of complement were detected. The
study raises the possibility that in some patients
the monoclonal immunoglobulin may act as
factor H antibody, resulting in the activation
of the alternative pathway of complement and
the resultant DDD. Others have also reported
an association between a proportion of patients
with DDD and monoclonal gammopathy.26
Dense deposit disease tends to have a worse
prognosis in adults than in children.26
Bridoux et al27 reported 6 cases of monoclonal gammopathyeassociated C3GN. Anticomplement factor H activity was positive in
one patient. Five patients had progression to
end-stage kidney disease over a median period
of 47 months, despite chemotherapy in 4 patients. In a study of 32 cases of C3GN at Mayo
Clinic between January 1, 2009, and December
31, 2012, 10 (31%) had evidence of a monoclonal immunoglobulin in the serum.9 Bone
Mayo Clin Proc. n November 2013;88(11):1284-1293
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marrow biopsy, done in 9 patients, revealed
MGUS in 5 patients, CLL in 1 patient, and no
abnormal clones in the remaining 3 patients.
Importantly, 2 patients who received therapy
targeting the monoclonal proliferative process
had a marked decrease in hematuria and proteinuria and stabilization of renal function.
The mechanism by which monoclonal immunoglobulin activates the alternative pathway is not entirely known. In an elaborate
study by Meri et al,28 monoclonal l light
chains from a patient with DDD were found
to result in the activation of the alternative
pathway by directly interacting with factor
H. Later, Jokiranta et al29 reported that monoclonal l light chains bind to the third short
consensus repeat domain, resulting in the inhibition of factor H function. Antibodies to
the C3 convertase (C3 nephritic factor) are
commonly detected in C3GN and DDD.16,24
The C3 nephritic factor stabilizes the C3 convertase, increasing its half-life, and it prevents its
breakdown by complement-regulating proteins,
leading to overactivation of the alternative
pathway of complement. We found abnormalities of the alternative pathway of complement
components in 7 of the 9 patients (78%) with
monoclonal gammopathyeassociated C3GN.9
Two patients also had the C3 nephritic factor,
suggesting that the monoclonal immunoglobulin
may act as a C3 nephritic factor. Sequence variations in complement-regulating proteins have
not been found in monoclonal gammopathye
associated C3GN.9,27
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RECURRENT GRAFT INJURY
Membranoproliferative glomerulonephritis of
any etiology tends to recur in the graft, and
recent studies have reported a recurrence rate
of 40% to 60%.30 A recent study by Lorenz
et al30 found that the risk of recurrence is
particularly high in the presence of circulating
monoclonal immunoglobulin. The increased
risk of recurrence is not surprising because
monoclonal gammopathy has not been the
target of treatment in these patients. Recurrence
tends to be early and is often clinically much
more severe than the native disease.
EVALUATION
The diagnosis of monoclonal gammopathye
associated glomerulonephritis should be
suspected in any patient with clinical or histopathologic evidence of proliferative glomerulonephritis in whom there are no other
identiﬁable causes such as infections (especially hepatitis C) or autoimmune disease.

Immunoﬂuorescence examination of the kidney
biopsy is essential for the evaluation of all cases
of proliferative glomerulonephritis (Figure 4). In
the direct mechanism, immunoﬂuorescence microscopy will reveal monoclonal immunoglobulin deposits in the mesangium and along
capillary walls. The deposits will have evidence
of light chain restriction (either k or l light chain
staining but not both), indicating the clonal nature of the process. However, in the indirect
mechanism in which monoclonal immunoglobulins cause dysregulation of the complement
pathway, the actual deposits consist only of complement factors. Thus, the kidney biopsy will
reveal bright mesangial and capillary wall staining for C3 with no signiﬁcant immunoglobulin
deposits on immunoﬂuorescence microscopy.
In all patients with suspected monoclonal
gammopathyeassociated glomerulonephritis,
direct or indirect, laboratory tests to determine
the presence of a systemic monoclonal gammopathy should be undertaken.

Proliferative glomerulonephritis

Direct mechanism

Indirect mechanism
IF: C3 deposits, absence of
monotypic immunoglobulin
deposits

IF: monotypic immunoglobulin
deposits with or without C3

DDD or C3GN
Positive for
circulating M
protein

Negative for
circulating M
protein

Positive for
circulating M protein

VCD (non-IgM)
or RCD (IgM)

CP and/or
rituximab

VCD (non-IgM)
or RCD (IgM)

FIGURE 4. Evaluation and management of monoclonal gammopathyeassociated proliferative glomerulonephritis. On the basis of the immunoﬂuorescence ﬁndings (IF), proliferative glomerulonephritis can be
broadly divided into monoclonal immunoglobulin-positive with or without C3 and monoclonal
immunoglobulin-negative C3-positive proliferative glomerulonephritis. Evaluation of both conditions necessitates a work-up to detect circulating monoclonal immunoglobulin, referred to as M protein. In patients with detectable M protein of the non-IgM isotype, bortezomib, cyclophosphamide, and
dexamethasone (VCD) is recommended as the initial therapy, whereas in patients with an M protein of
the IgM isotype, rituximab, cyclophosphamide, and dexamethasone (RCD) is preferred. In patients
without a detectable circulating M protein, standard therapy with cyclophosphamide and prednisone (CP)
as used in idiopathic glomerulonephritis should be tried ﬁrst. DDD ¼ dense deposit disease.
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The most sensitive tests to detect M proteins
in the serum and urine consist of the serum and
urine electrophoresis and immunoﬁxation and
serum-free light chain assay.31 M proteins appear
as a localized band on electrophoresis and immunoﬁxation. Immunoﬁxation also permits the
determination of the heavy and light chain type
of the M protein, which can then be correlated
with the immunoﬂuorescence results for concordance. If a paraprotein is detected on these tests,
usual work-up to exclude more advanced plasma
cell dyscrasia such as a bone marrow biopsy or
imaging may be needed, depending on the size
and type of the M protein.32
By deﬁnition, documentation of a circulating M protein is required for the diagnosis
of monoclonal gammopathyeassociated DDD
or C3GN (indirect mechanism). However, not
all patients with monoclonal gammopathye
associated proliferative glomerulonephritis mediated by the direct mechanism will have
evidence of an M protein in the serum or urine
(Figure 4). In some of these patients, the monoclonal process may be limited and the levels of
the M protein in circulation are too low to be
detected. In such patients, the diagnosis requires documentation of light chain restriction
on renal histopathology. In addition to immunoﬂuorescence microscopy, mass spectrometry
may be helpful in identifying clonal immunoglobulin deposits in proliferative glomerulonephritis, although additional studies are
needed for validation.33 An evaluation of the
alternative pathway of complement is warranted
in monoclonal immunoglobulinenegative C3positive proliferative glomerulonephritis to
determine the cause of dysregulation of the alternative pathway.
In most patients, the speciﬁc plasma cell
disorder associated with the proliferative glomerulonephritis is MGUS; in some patients,
a more advanced disorder such as multiple
myeloma, macroglobulinemia, or CLL is detected. In the latter cases, the renal process
serves as the harbinger of the malignant disease. In some patients, proliferative glomerulonephritis precedes the diagnosis of a plasma
cell malignant disease by months to years.
MANAGEMENT
Because monoclonal gammopathyeassociated
glomerulonephritis is a newly described entity,
there are no studies to determine the optimal
Mayo Clin Proc. n November 2013;88(11):1284-1293
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approach to therapy. Recommendations for
therapy are therefore primarily based on clinical opinion and experience, as well as data
on the feasibility, response rate, and toxicity
of various regimens used in the treatment of
multiple myeloma and related plasma cell malignant diseases, in which the goal of therapy is
essentially the same, that is, eradication of clonal
plasma cells (Figure 4). In patients with an
underlying malignant disease such as myeloma,
lymphoma, or CLL, the treatment of the primary
malignant disease is the ﬁrst step, and it will
accomplish the desired goal of eradicating the
population of clonal cells that are responsible
for the offending immunoglobulin.
In patients with proliferative glomerulonephritis with positive immunoglobulin deposits
on immunoﬂuorescence microscopy as well as
the presence of the corresponding M protein
on serum and urine studies, the diagnosis is
straightforward and there is a clear rationale
to justify chemotherapy, provided the renal
process is sufﬁciently severe. In such patients,
any of the regimens used to treat multiple
myeloma is reasonable if the M protein is of
the non-IgM type. On the basis of relative efﬁcacy, tolerance, and cost, we prefer bortezomib, cyclophosphamide, and dexamethasone
(VCD). We administer VCD as follows: bortezomib, 1.3 mg/m2 once a week subcutaneously; cyclophosphamide, 500 mg (total dose)
once a week orally; and dexamethasone, 40
mg once a week orally.34,35 This regimen is followed for 3 weeks on and 1 week off. Patients
are monitored every 4 weeks, and treatment is
administered for approximately 6 months if
there is evidence of renal response and low
toxicity. In our opinion, 6 months of VCD is
probably no more toxic overall than other regimens used to treat glomerulonephritis, which
usually consist of cyclophosphamide and daily
corticosteroids. In patients with an IgM type
of the M protein, we prefer the use of rituximab
(anti-CD20 monoclonal antibody) alone or in
combination with cyclophosphamide and dexamethasone because IgM-secreting cells are almost
always CD20 positive.
In patients with proliferative glomerulonephritis who have positive immunoglobulin
deposits on immunoﬂuorescence microscopy
but no evidence of an M protein on serum and
urine studies, there needs to be more circumspection concerning the use of chemotherapy.
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A decision to use the approach described earlier
is still reasonable if 2 to 3 months of conservative therapy fails to produce a renal response.
In addition to speciﬁc therapy aimed at
eradicating the cause, patients need usual supportive care measures such as adjustment of
medications for hypertension, ﬂuid balance,
and dialysis, as needed. Renal transplant is typically associated with the recurrence of the same
process in the graft unless the monoclonal
plasma cell disorder is successfully eradicated
before such a procedure.
CONCLUSION
Monoclonal gammopathyeassociated proliferative glomerulonephritis can occur either from
the deposition of the monoclonal immunoglobulin and complement factors of the classical
and terminal pathways (direct mechanism) or
from the deposition of complement factors of
the alternative and terminal pathways as a
consequence of the activation of the alternative
pathway of complement by the monoclonal
immunoglobulin (indirect mechanism). We
have proposed an algorithm for the evaluation
and treatment of these cases. Clearly, clinical trials
are desperately needed for all patients with monoclonal gammopathyeassociated proliferative
glomerulonephritis.
Abbreviations and Acronyms: C3GN = C3 glomerulonephritis; CLL = chronic lymphocytic leukemia; DDD = dense
deposit disease; MGUS = monoclonal gammopathy of undetermined signiﬁcance; VCD = bortezomib, cyclophosphamide, and dexamethasone
Correspondence: Address to Sanjeev Sethi, MD, PhD, Division of Anatomic Pathology, Department of Laboratory
Medicine and Pathology, Mayo Clinic, 200 First St SW,
Rochester, MN 55905 (sethi.sanjeev@mayo.edu).
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