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Recent Advances in Membranous Nephropathy
By LAURENCE H. BECK Jr, MD, PhD

Membranous nephropathy (MN) is a common cause of the nephrotic syndrome in adults.
The pathogenesis of MN, as defined in the experimental rat model of Heymann nephritis,
involves antibodies that target antigens on the podocyte foot process and accumulate as
immune deposits, activating complement, and leading to sublethal injury of the podocyte,
as well as proteinuria. Similar mechanisms are now recognized in human MN, with the
recent identification of target antigens. While spontaneous remission occurs in a substan-
tial proportion of individuals with MN, others — especially those with persistent, high-grade
proteinuria — require treatment with immunosuppressive agents. This issue of Nephrology
Rounds reviews recent advances in understanding the pathogenesis and treatment of idio-
pathic MN.

Background

Idiopathic MN is a glomerulus-specific autoimmune disease and, second only to focal
glomerulosclerosis, is a leading primary cause of the nephrotic syndrome in adults. Its name,
membranous nephropathy, reflects the pathological observation using light microscopy of a thick-
ening in the glomerular basement membrane (GBM) between and around immune deposits that
occur beneath the podocyte foot processes. The histological hallmarks of the disease were first
described by Jones,' and Mellors and Ortega’ over 60 years ago. These include “spikes,” stained
by methenamine silver, of normal GBM that extend between the immune deposits, a fine granular
distribution of immunoglobulin (Ig) G and the complement component C3 in a capillary-loop
pattern revealed by immunofluorescence, and the presence of electron-dense subepithelial immune
deposits indicated by electron microscopy (EM). Idiopathic MN most commonly occurs in patients
between the ages of 30 and 60 years, with men twice as likely to be affected as women. However,
MN does occur in children® as well as the very elderly.* Up to 70% of patients present with the
nephrotic syndrome, and the others garner clinical attention due to subnephrotic levels of protein-
uria. Microscopic hematuria is observed in up to 50% of cases, although red cell casts are rare.
Hypertension and impaired renal function are uncommon at the outset of the disease and are more
likely to occur with disease progression.

Primary (idiopathic) vs secondary forms of membranous nephropathy

In developed countries, the majority of MN is primary or “idiopathic,” a term that implies that
all known secondary causes have been effectively ruled out. Secondary forms have been attributed to
a variety of agents or conditions (Table 1). MN occurring post-hematopoietic stem cell transplan-
tation (HSCT) may be a humoral manifestation of chronic graft-versus-host disease; it is the most
common cause of post-HHSCT nephrotic syndrome,’ and like idiopathic MN, post-HSCT MN
disproportionately affects males. MN may recur in up to 42% of renal allografts with slowly
progressive proteinuria;® it is also possible for de novo MN to occur, perhaps as an alloimmune reac-
tion to minor histocompatibility antigens on the allograft podocytes. Finally, MN may briefly occur
early in infancy as a result of fetomaternal alloimmunization.

Idiopathic MN must be distinguished from the various secondary causes, since treating or elim-
inating those underlying conditions are often sufficient to cause nephrotic syndrome remission. The
most frequent secondary form of MN in the United States (US) is membranous lupus nephritis
(LN), designated class V LN by the International Society of Nephrology/Renal Pathology Society,
and is seen in ~10%-20% of LN cases. The disease may occur in isolation and predate other symp-
toms or serological abnormalities suggestive of lupus. Thus, even in the absence of positive sero-
logical markers such as antinuclear antibodies (ANAs), membranous LN should remain a possibility
in any young woman with a biopsy diagnosis of M.

Features that distinguish idiopathic MN from membranous LN and other secondary forms of
MN include the glomerular location of the immune deposits, the predominance of a particular IgG
subclass, and other pathological features. Clues to the diagnosis of membranous LN include the

2009

Volume 7, Issue 7

NEPHROLOGY G777

AS PRESENTED IN THE ROUNDS OF

THE RENAL DIVISION OF

BRIGHAM AND WOMEN’S HOSPITAL

BOSTON, MASSACHUSETTS

BRIGHAM AND

WOMEN’S HOSPITAL

HARVARD

MEDICAL SCHOOL
TEACHING AFFILIATE

Co-Editors

Joseph V. Bonventre, MD, PhD,
(Division Director)

Barry M. Brenner, MD, FRCP,
(Director Emeritus)

Nephrology Division
Brigham and Women’s Hospital
Reza Abdi, MD

Jessamyn Bagley, PhD

Joseph V. Bonventre, MD, PhD
Barry M. Brenner, MD

Steven Brunelli, MD

Anil K. Chandraker, MB, MR CP
David M. Charytan, MD

Mary Choi, MD

Kenneth B. Christopher, MD
Gary C. Curhan, MD, ScD
Bradley M. Denker, MD
Jeremy Duffield, MD, PhD
John P. Forman, MD

Markus H. Frank, MD

Steven Gabardi, PharmD
Monica Grafals, MD

Indira Guleria, PhD

Dirk M. Hentschel, MD
Andreas Herrlich, MD, PhD
Li-Li Hsiao, MD, PhD
Benjamin D. Humphreys, MD, PhD
John J. lacomini, PhD

Takaharu Ichimura, PhD

Vicki Rubin Kelley, PhD

Akio Kobayashi, PhD

Julie Lin, MD, MPH

Edgar L. Milford, MD

David B. Mount, MD

Nader Najafian, MD

Martin R. Pollak, MD
Mohamed H. Sayegh, MD
Johannes Schlondorff, MD, PhD
Julian L. Seifter, MD

Jagesh V. Shah, PhD

Alice M. Sheridan, MD

Ajay K. Singh, MB, MRCP (UK.)
Theodore I. Steinman, MD

Jie Tang, MD, MSc

John K. Tucker, MD

Takuya Ueno, MD, PhD

Vishal Vaidya, PhD

Sushrut S. Waikar, MD

Xueli Yuan, MD, PhD

Kambiz Zandi-Nejad, MD

Jing Zhou, MD, PhD

Brigham and Women’s Hospital

‘Website: www.brighamandwomens.org/renal

The editorial content of Nephrology Rounds
is determined solely by the Renal Division
of Brigham and Women’s Hospital.

Nephrology Rounds is approved

by the Harvard Medical School
Department of Continuing Education
to offer continuing education credit



Table 1: Secondary causes of membranous
nephropathy

» Autoimmune diseases
* Systemic lupus erythematosus
e Other: rheumatoid arthritis, autoimmune thyroid disease,
Sjégren syndrome

» Infection
® Hepatitis B
e Other chronic infections: hepatitis C, syphilis,
schistosomiasis, malaria

> Alloimmunization
e Fetomaternal alloimmunization
* Graftversus-host disease following hematopoietic
stem cell transplantation
* De novo membranous nephropathy in the renal
allograft

» Drugs or toxins
e Parenteral gold salts
e Penicillamine

 Nonsteroidal anti-inflammatory drugs
e Other: mercury, captopril, bucillamine

> Malignancy

presence of subendothelial and mesangial deposits, in addition
to the predominant subepithelial deposits, and a “full house”
pattern of staining for IgG, IgA, IgM, C3, and Clq on
immunofluorescence. In idiopathic MN, the predominant
IgG subclass found in the glomerular deposits is IgG4,
whereas in many secondary forms, IgG1, IgG2, and IgG3
predominate.” Finally, an ultrastructural finding of tubulo-
reticular structures in the glomerular endothelium suggests
lupus, although these structures can also be found in other
nonidiopathic forms of MN."°

Currently, renal biopsy is the exclusive means for diag-
nosing MN and distinguishing it from other causes of
nephrotic syndrome. The results of routine serological
studies, including complement levels, are all normal in idio-
pathic MN. Possibly, antibodies to the human phospholipase
A2 receptor (PLA2R) found in many patients with idiopathic
MN may allow a serological diagnosis of MN, but this test is
only available in the research setting. Secondary causes of MN
may be suggested by the presence of ANA, hepatitis B virus
(HBV)-antigenemia, or concurrent infection with schisto-
somiasis or secondary syphilis. Hypocomplementemia may
occur in lupus- or HBV-associated MN, but normal comple-
ment levels do not rule out these diagnoses. Associations of
MN with malignancy have been found in older individuals
seemingly more frequent than chance;'! therefore, in older
individuals with newly diagnosed MN, tests to exclude malig-
nancy are reasonable.

Pathogenesis

The pathogenesis of idiopathic MN has been determined
from decades of study on the experimental rat model of MN
known as Heymann nephritis (HN)."” Rats that are actively or
passively immunized against a proximal tubular brush border
fraction (Fx1A) will eventually develop nephrotic levels of
proteinuria. The glomerular histopathology in these rats is
virtually identical to that seen in human MN, with IgG-
containing subepithelial deposits and expansion of the GBM.
The major target antigen in this tubular brush border fraction
has been identified as the transmembrane glycoprotein,
megalin, a member of the low-density lipoprotein (LDL)

receptor family. In rats, but not in humans, megalin is addi-
tionally present on the podocyte foot processes.” Using ex
vivo perfusion of isolated rat kidneys with anti-Fx1A anti-
bodies that recognize megalin, it was elegantly demonstrated
that the subepithelial deposits form by the binding of anti-
bodies in situ to megalin expressed on the basal surface of
podocyte foot processes.'*!* Once circulating antibodies
traverse the GBM and bind their target antigen on the
podocyte foot process, small antibody-antigen complexes
form via the process of “capping and shedding,”'® and are
deposited into the GBM where they ultimately aggregate to
form the larger subepithelial deposits visible by EM.
Complement is activated locally by the immune complexes,
but because C3a and C5a are generated on the outer aspect of
the GBM, there is no recruitment of inflammatory cells.
Instead, the complement components C5b through C9
assemble to form the membrane attack complex (MAC),
which inserts into the podocyte cell membrane. A number of
maladaptive cell-signaling pathways are initiated that induce
sublethal injury to the podocyte, leading to cytoskeletal
changes, foot process effacement, and proteinuria.'” Despite
the continued generation of C5b-9, the podocyte is not
lethally injured, since the MAC is shed from the plasma
membrane into the GBM. A thickening of the GBM occurs
over time, as immune deposits separate from the basal surface
of the podocyte and become incorporated into the expanded
GBM,; these “intramembranous” deposits are due to the new
extracellular matrix deposited by injured podocytes.

Since megalin is not expressed in the human glomerulus,
some have suggested that an alternative podocyte membrane
protein serves as the target antigen in human idiopathic MN.
The existence of this antigen was first indicated by the
discovery that neutral endopeptidase (NEP), expressed on
podocytes, is the target in an antenatal alloimmune form of
MN." The transplacental passage of anti-NEP antibodies
(from a mother genetically deficient in NEP who experienced
fetomaternal alloimmunization during a prior pregnancy)
caused MN with subepithelial deposits (anti-NEP and NEP)
in the developing fetus. The nephrotic syndrome was present
at birth, but resolved several months later after physiological
clearance of the maternal antibodies from the infant’s circula-
tion. Several other cases of alloimmune antenatal MN induced
by anti-NEP have been described;'’ however, NEP was not
initially considered as the target antigen in most adult cases of
idiopathic MN. More recent but unpublished research by
these same authors has suggested that many adults with idio-
pathic MN may also have low levels of antibodies that recog-
nize NEP. The significance of this finding remains uncertain.

Recently, our laboratory identified the M-type PLA2R as
a major target antigen in MIN.?" Using several geographically
diverse patient cohorts with biopsy-proven diagnoses of idio-
pathic MN, >70% of patients were uniformly found to have
circulating antibodies reactive to PLA2R. In contrast, such
antibodies are absent in patients with secondary forms of MN,
other glomerular diseases, and normal controls. Intriguingly,
all anti-PLA2R-positive patients exhibited reactivity only with
the nonreduced protein, suggesting the presence of 21 reduc-
tion-sensitive epitopes in the molecule. Consistent with the
known subclass distribution of IgG within the immune
deposits of idiopathic MN, the predominant circulating anti-
PLA2R subclass is IgG4, a marker of a type 2 T helper cell
(Th2) response. Interestingly, I[gG4 is an immunoglobulin



that may be functionally bivalent and only weakly activates the
classical complement pathway.”! IgG4 colocalizes with PLA2R
within immune deposits in idiopathic (but not secondary) MN
biopsy specimens. Furthermore, PLA2R-reactive IgG can be
specifically eluted from these biopsies. A role for anti-PLA2R
antibodies in disease is suggested by observations that the
presence of such antibodies is closely associated with clinical
disease activity, disappearing with spontaneous or treatment-
induced remission, and recurring with relapse of disease.
However, final proof of pathogenicity awaits the development
of a suitable animal model. PLA2R, a member of the mannose
receptor family,”>* is a transmembrane glycoprotein expressed
on human podocytes. Although recent studies in fibroblasts
reveal a possible role in regulating cell senescence,* both the
exact function of PLA2R and whether the role will hold true
in the podocyte remains unknown.

The immune response in idiopathic MN is Th2-predom-
inant with no glomerular inflammation. Although prolifera-
tive forms of LN are Thl-predominant, a Th2 response may
also account for the membranous form of LN. Supportive
observations are found in a mouse model of LN where genetic
disruption of the interleukin (IL)-27 signaling pathway, inte-
gral for mounting a Thl response in mice, causes a shift
toward the Th2 response and converts the otherwise diffuse
proliferative pattern of glomerular injury to a predominantly
membranous pattern?*® The role of the Th2-selective IgG4
isotype in MN is not entirely clear because this subclass has
been considered unable to activate the classical complement
pathway.’! A role for IgG subclasses other than IgG4 in the
pathogenesis of MN is supported by observations that children
with NEP-deficient mothers who only had IgG4 anti-NEP
did not develop disease, while those from mothers with IgG1
and IgG4 were born with the nephrotic syndrome.” A vari-
able presence of additional circulating anti-PLA2R subclasses
is found in patients with idiopathic MN,? which may explain
the presence of complement in the glomerular deposits.

In primary, secondary, and antenatal alloimmune MN,
complete clinical remission can occur with a reduction in
proteinuria from nephrotic to completely normal levels. This
is accompanied by the gradual disappearance of subepithelial
and intramembranous deposits, reorganization of the podo-
cyte foot processes, and re-establishment of slit diaphragms.
Repeat biopsies performed in several patients following
complete remission after treatment with rituximab found a
virtual disappearance of immunofluorescence staining for
IgG4 (but not total IgG), a trend towards decreased C3
staining, as well as a complete or partial disappearance of
subepithelial deposits.” The structural changes that underlie
a partial remission are less well known. The transplantation of
kidneys from rats with experimental HN into naive rats
revealed that, although a significant amelioration of protein-
uria occurred in the absence of circulating antimegalin anti-
bodies, the immune deposits required time to clear and the
animals were left with permanent residual proteinuria.”®

The mechanisms for the formation of subepithelial
deposits in secondary MN are not well understood, and may
involve planted antigens or low-avidity circulating immune
complexes rather than native podocyte antigens. The presence
of deoxyribonucleic acid (DNA)/histone complexes and the
HBYV e-antigen have been variably demonstrated in sub-
epithelial deposits; it has been assumed that circulating immune
complexes, which may be cationic, eventually deposit on the

outer aspect of the GBM, perhaps after dissociation and re-
association. Several isolated reports have detected various
tumor antigens in these deposits, although it is unclear that
such complexes represent the initiators of disease or are only
passively trapped in existing deposits. The molecular differ-
ences underlying the immune complexes deposit location in
membranous versus mesangial or proliferative forms of LN
are not currently known. Similarly, the mechanisms whereby
therapeutic drugs or chronic infections lead to secondary MN
have not yet been established.

Natural history and prognosis
of idiopathic MN

Predicting the clinical course of a patient with MN at
disease presentation is impossible given the variable and fluc-
tuating disease course. A widely appreciated yet oversimplified
view is that one-third of all patients will spontaneously remit
without treatment, another third will remain proteinuric with
preserved renal function, and the final third will progress to
end-stage kidney disease (ESKD). Young females and those
with subnephrotic levels of proteinuria are most likely to
experience spontaneous remission, justifying several months
of observation prior to any initiation of treatment in the
absence of problematic clinical features. Baseline demographic
differences in natural-history studies lead to a blurred prog-
nostic picture. A widely quoted study by Schieppati et al*’
reported the incidence of spontaneous remission in 100
untreated patients with idiopathic MN: more than one-third
never had nephrotic-range proteinuria, and complete or
partial remission was achieved in 65% with an estimated 5-
year renal survival of 88%. Other studies are not as optimistic;
many studies were performed in the era before angiotensin-
converting enzyme (ACE) inhibitors and angiotensin II
receptor blockers (ARBs) were routinely used for the treat-
ment of nephrotic patients. Excluding the non-nephrotic
patients (who have an excellent chance of full renal survival
from the outset), a systematic review of published natural-
history studies yielded an estimate that ~50% of untreated
nephrotic patients would experience a loss of renal function
over a 10-year period?” These same authors advised caution
in interpreting trials with short follow-up, noting that devel-
opment of ESKD in idiopathic MN takes at least 5 years, and
a decline in renal function may not be apparent for 2.5 years.
The median times to partial and complete remission are
11-23 months and 16-40 months, respectively, whereas the
median time to complete remission in treated patients is 18-
22 months. Studies drawing conclusions about remission rates
or renal survival without the benefit of 5-10 years of follow-
up data must be reconsidered given this information.

Ideally, only patients unlikely to spontaneously remit and
those at risk for significant renal deterioration should be
treated. Several risk factors for MN progression have been
proposed: older age at onset, male sex, nephrotic-range
proteinuria (especially >8 g), and increased serum creatinine at
presentation. As with most renal diseases, progression corre-
lates with the amount of tubulointerstitial disease on renal
biopsy, and a tubulointerstitial disease score has been included
as a prognostic variable in several studies. Although the rate of
renal decline may not differ in comparison with MN patients
having preserved renal function, patients with a higher serum
creatinine or increased interstitial disease at presentation will
reach ESKD in a shorter time; therefore, it is advisable to



consider early treatment in these patients. Asians with
MN appear to have a more favorable long-term prognosis
than their non-Asian counterparts.’! Achieving complete
remission predicts an excellent long-term renal prognosis
and those patients have nearly universal renal survival at
10 years, whereas the number falls to 90% with partial
remission, and 45% with no remission.*

Cattran and colleagues®® proposed a prognostic
model dividing patients with MN into low-, moderate-,
and high-risk groups based on their degree of protein-
uria and clinical course over 6 months of observation.
Those with normal renal function and lower amounts of
proteinuria (<4 g daily) over 6 months constitute a group
at low risk for developing progressive renal insufficiency
from the disease. Intermediate levels of proteinuria
(4-8 g daily) with stable renal function over 6 months
define a group at moderate risk. The highest-risk patients
are those with >8 g of daily proteinuria for 6 months,
and/or reduced renal function at outset or deterioration
of renal function over 6 months. The risk of further
renal deterioration in this group is at least 75%.

Treatment of idiopathic MN

Treatment goals in MN are to prevent loss of renal
function and to ameliorate the complications of the
nephrotic syndrome (eg, hyperlipidemia, volume over-
load, hypertension, and thrombophilia). Debates
continue on how to achieve these goals, and the litera-
ture concerning the treatment of MN is far from conclu-
sive. The relatively low incidence of MN hampers
recruitment into clinical trials, and the variable natural
history of the disease adds further treatment decision
complications. In addition, substantial risks for treatment
are associated with established immunosuppressive
agents and newer, potentially less toxic agents (eg,
mycophenolate or rituximab) have been introduced for
the treatment of MN without the benefit of long-term
clinical trials. A meta-analysis™* compiling data on 1025
patients with MN from 18 randomized clinical trials
concluded that immunosuppressive treatment had no
benefits in patient or renal survival; however, a thought-
ful reanalysis of the existing data’® and the publication of
another clinical trial with long-term follow-up data®’
have convinced most nephrologists that treatment is
warranted. Several excellent articles reviewing existing
and novel treatment options in idiopathic MN have
recently been published.***’

Given the relatively high rate of spontaneous remis-
sion in MN, newly diagnosed patients with nephrotic
syndrome and normal renal function should initially
receive conservative therapy with an ACE inhibitor or
ARB, diuretics, salt restriction, and statins. No convincing
data exist to support inhibition of the renin-angiotensin
system for long-term benefits in MN;***? however, this
treatment is the current standard of care for most
nephrotic conditions. If a patient remains proteinuric
with normal renal function, such conservative treatment
can be continued, but those patients who remain frankly
nephrotic after 6 months or who initially present with
(or develop) renal dysfunction should be treated with an
immunosuppressive agent.
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Some data suggest benefits with treatment even in
advanced renal disease. MN patients with heavy baseline
proteinuria and progressive renal dysfunction, who were
randomized to cyclosporine, had decreased proteinuria
and slower progression of renal disease at 1 year,
compared with those receiving supportive therapy
alone.”® Based on this ability to successfully treat MN
despite worsening renal function and given the potential
toxicity of treatment, one group recommended a restric-
tive policy of treatment; they provided data indicating
that delaying treatment until there is evidence of renal
disease progression does not alter long-term outcomes.”’

Alkylating agents

Corticosteroids as monotherapy are not indicated for
MN; instead, typical immunosuppressive regimens for
idiopathic MN combine corticosteroids with alkylating
agents for 6—12 months. Treatment with cyclophospha-
mide or chlorambucil in conjunction with corticosteroids
is supported by randomized controlled trials (RCTs);
cumulative data suggest that 30%-40% of those treated
will achieve complete remission, with 30%-50% attaining
partial remission and only 10% developing progressive
renal disease.”” Relapse occurs in approximately 25%-
30% within 5 years of discontinuing the alkylating agent,
but often responds to a repeat course of immunosuppres-
sive therapy. A remission rate of 88% (vs 47% for control
patients) and a 10-year dialysis-free survival of 92% (vs
60%) was provided by a regimen of 6 alternating months
of corticosteroids and chlorambucil:® A subsequent study
by the same group indicates that the substitution of cyclo-
phosphamide for chlorambucil may decrease the inci-
dence of side effects while yielding equivalent efficacy.”

Recently, Jha and colleagues® provided confirmatory
evidence from a 10-year follow-up of an Indian popula-
tion with idiopathic MN. This open-label RCT
compared a 6-month course using alternating months of
steroids and oral cyclophosphamide with supportive
therapy. There were 34 remissions (15 complete) in the
51 treated patients followed for the full 10 years, versus
16 remissions (5 complete) in the 46 patients in the
supportive-therapy group. Ten-year dialysis-free survival
was higher in the treatment arm (89% vs 65%).

The calcineurin inbibitors (CNlIs):
cyclosporine and tacrolimus

Cyclosporine is an alternative, clinically validated
immunosuppressive agent used in the treatment of MN*
In 51 patients with steroid-resistant MN, treatment with
cyclosporine plus steroids for 6 months with tapering
over 4 weeks resulted in a 75% complete or partial
remission rate, versus only 22% in the placebo (steroids
alone) group.® Typically, many patients in cyclosporine-
based treatment regimens are partial remissions, and
many relapse after discontinuing treatment. Another
similarly-sized trial compared 12 months of cyclosporine
and corticosteroids to cyclosporine alone.** Although
both groups achieved ~80% remission rate at 12 months,
the relapse rate was lower in the group receiving adjunc-
tive corticosteroids from the beginning. Longer courses
of cyclosporine (1-2 years) with a slow taper may be




necessary to avoid a high rate of relapse. Other investi-
gators demonstrated that treatment with tacrolimus in
heavily nephrotic patients resulted in higher remission
rates compared with conservative treatment alone;
however, nearly half of these patients had a nephrotic
relapse within several months of tapering tacrolimus.*

Alternative agents

Due to the often severe adverse or nephrotoxic
effects associated with cyclophosphamide and cyclo-
sporine, several newer and potentially less toxic agents
are under evaluation for the treatment of MN. Several
small studies indicate the potential efficacy of rituximab,
mycophenolate, or synthetic adrenocorticotrophic
hormone (ACTH) in MN; unfortunately, none are large
RCTs nor do they provide long-term follow-up data.
Rituximab: A plausible rationale for the use of ritux-
imab, a monoclonal anti-CD20 antibody that depletes B
cells, is provided by the suggested pathophysiological
basis for MN of autoantibodies targeting a putative
glomerular antigen. Although rituximab appears to
induce remission with an initial efficacy comparable to
alkylating agents and corticosteroids, long-term data on
dialysis-free survival have not been reported. In an open-
label trial of rituximab with a group of 15 high-risk idio-
pathic MN patients, there were 2 complete and 6 partial
remissions at final follow-up.*® Others reported the
effects of treatment with 4 weekly doses of rituximab on
50 consecutive patients with persistent nephrotic levels
of proteinuria despite 6 months of conservative therapy.”’
Ten patients achieved a full remission after treatment;
however, they were more likely female and with lower
baseline serum creatinine values, which is a population of
high spontaneous remission. Recently, Segarra et al*’
demonstrated that rituximab was of benefit in 13 Spanish
patients with idiopathic MN and CNT dependence,
allowing successful weaning of the nephrotoxic CNIL. A
systematic review of the published literature describing
the use of rituximab in MN highlights that, while
promising, the existing literature consists of too few
patients, heterogeneous populations, and insufficient
follow-up to recommend the use of rituximab outside the
research setting.*

Mycophenolate: Mycophenolate is another agent used in
small, short-term trials for MN treatment with varying
results. Initial studies™** demonstrated that mycopheno-
late could reduce proteinuria in patients with MN who
had been resistant to other conventional therapies. In
contrast, a recent RCT detected no effect of mycophe-
nolate monotherapy in patients with normal renal func-
tion and nephrotic levels of proteinuria, as compared
with conservative antiproteinuric therapy.”! The addition
of corticosteroids to mycophenolate achieved a 1-year
cumulative remission rate of 66% in a group of MN
patients with moderate renal dysfunction, but was infe-
rior to alkylating agents and steroids in a historically
treated control group and demonstrated a relapse rate of
nearly 40% *> However, a small RCT revealed similar
effects from 6 months of mycophenolate and steroids
compared with chlorambucil and steroids at 15 months
of follow-up.” Given these small studies with insufficient
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long-term follow-up, mycophenolate is not a first-line
agent for the treatment of MN, but may be considered
with adjunctive corticosteroids, if standard therapies are
not effective or cannot be tolerated.

Adrenocorticotrophic hormone (ACTH): Another
intriguing agent that may show promise in MN is
ACTH. In an open-label study, Berg and colleagues’™
treated 14 patients subcutaneously with a synthetic form
of ACTH over an 8-week period, and achieved short-
term results similar to the more established treatments
mentioned above. Since exogenous corticosteroids alone
lack therapeutic effect in MN, it is currently unknown
whether ACTH has salutary effects in addition to stim-
ulating endogenous corticosteroid production. Another
small trial®* randomized 32 idiopathic MN patients with
preserved renal function and no prior therapy to 1 year
of ACTH or 6 months of therapy with alkylating agents
and steroids. At 1 year, 87% in the ACTH group had
achieved complete or partial remission, versus 93% in the
standard-therapy group. Although not significant, there
were twice as many complete remissions in the ACTH
group; however, this formulation of synthetic ACTH is
not available in the US and there are no long-term
follow-up studies documenting the efficacy of this agent.

Future possibilities

If anti-PLA2R or other MN-specific autoantibodies
prove to be tightly associated with immunological disease
activity in idiopathic MN, a serologic immunoassay
developed on the basis of these data would have several
potential applications. First would be the use of anti-
PLA2R as an initial assay for the diagnosis of idiopathic
MN without reliance on kidney biopsy. Serial assays for
the presence and titer of anti-PLA2R prior to therapeutic
intervention in clinical trials could help reduce the uncer-
tainty that currently exists as to whether rapid responders
represent a true therapeutic effect or a spontaneous
remission. Anti-PLA2R could also be followed during
treatment to assess the efficacy of immunosuppressive
therapy and to determine the length of treatment. It
could also be useful in situations of partial remission,
when residual proteinuria may be caused either by
ongoing but attenuated immune activity or by structural
glomerular changes in the absence of immune activity.

Conclusions

MN is a common cause of the nephrotic syndrome
in adults of all races and ethnicities. Its molecular patho-
genesis is becoming increasingly well understood, and
the identification of PLA2R as a major target antigen
may allow better diagnosis, improved monitoring of
disease activity, and sensible decisions about the necessity
and duration for treatment. Treatment should be
provided to those at high risk of progression to ESKD,
including patients with persistent severe proteinuria or a
documented loss of renal function. Alkylating agents and
cyclosporine are the only clinically validated treatments
with sufficient follow-up data; however, as experience
with the newer agents tacrolimus, rituximab, mycophe-
nolate, and ACTH expands, these too may become treat-
ments of choice for idiopathic MN.
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