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Abstract

Background: Lupus membranous nephropathy (LMN) is a
rare disease, usually associated with nephrotic syndrome.
Methods: We reviewed the literature by searching for the
following terms on Pubmed.gov: lupus nephritis, membra-
nous nephropathy (MN), lupus membranous nephropathy,
nephrotic syndrome, and Class V lupus nephritis. Results:
The histology of LMN at light microscopy is similar to that of
primary MN. Cases of MN associated with focal or diffuse pro-
liferation are not considered LMN by the International Soci-
ety of Nephrology/Renal Pathology Society classification.
Immunofluorescence study of LMN shows deposits of all im-
munoglobulins and complement. Tubulo-reticular struc-
tures, extraglomerular deposits, subepithelial, and scanty
subendothelial deposits can be seen on electron microsco-
py. Phospholipase A2 receptor deposits are usually but not
necessarily absent in LMN. The pathogenesis is still not com-
pletely understood. The inflammatory milieu of lupus may
favor the development of autoantigens and intraglomerular

assembly of immune complexes. These are more often as-
sociated with mesangial or endocapillary hypercellular le-
sions. Alternatively, autoantibodies may bind autoantigens
in the glomerular subepithelium, triggering a signaling cas-
cade leading to LMN. A central role in the development of
podocyte injury and proteinuria is played by the compo-
nents of complement C5b-C9. CKD progression in LMN is
slow but may be accelerated by the frequency of renal flares.
Persistent nephrotic syndrome and/or the frequent use of
corticosteroids may lead to a series of life-threatening com-
plications. Discussion: Treatment of arterial hypertension,
dyslipidemia, and diabetes are of paramount importance.
Besides specific therapies of these complications, hydroxy-
chloroquine and vitamin D supplementation are recom-
mended. Immunosuppression should be limited to patients
with nephrotic proteinuria. The most frequently used drugs
are corticosteroids, calcineurin inhibitors, cyclophospha-
mide, mycophenolate, and rituximab, alone or combined.
Early detection and treatment of renal flares is of paramount
importance to prevent CKD progression.
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Introduction

Renal disease is a frequent and severe cause of morbid-
ity in systemic lupus erythematosus (SLE). Lupus mem-
branous nephropathy (LMN), which is an uncommon
subtype of lupus nephritis, is usually associated with ne-
phrotic syndrome and can have a variable course; some
patients maintain stable kidney function or show a slow
progression, while others can have renal flares and trans-
formation to more severe proliferative forms eventually
leading to ESRD or to life-threatening extrarenal compli-
cations, including thrombotic events, cardiovascular dis-
ease (CVD), or infections. In many cases, a combination
of membranous and proliferative lesions may be seen in
renal biopsies. In this review, cases of mixed membranous
and proliferative lupus nephritis will not be considered.
Only LMN, in line with the current classification, will be
discussed.

Pathology

The old World Health Organization (WHO) histolog-
ical classification of lupus nephritis identified 6 subclass-
es of nephritis: I normal glomeruli, IT pure mesangial al-
terations, III focal segmental glomerulonephritis, IV dif-
fuse glomerulonephritis, V diffuse membranous
glomerulonephritis, VI advanced sclerosing glomerulo-
nephritis [1]. Class V was subdivided into: pure LMN
(Va), LMN associated with mesangiopathy (Vb), LMN
with signs of focal segmental glomerulonephritis (Vc),
and LMN associated with diffuse glomerulonephritis
(Vd). The currently used classification of the Internation-
al Society of Nephrology and the Renal Pathology Society
also divides lupus nephritis into 6 classes but provides an
improved description of the various lesions and classes,
allowing for a better standardization. In particular, class
V is defined as membranous lupus nephritis with global
or segmental continuous granular subepithelial immune
deposits, often with concurrent mesangial immune de-
posits. Any degree of mesangial hypercellularity may oc-
cur in class V [2]. If present under light microscopy, sub-
endothelial deposits warrant a combined diagnosis of lu-
pus nephritis class IITand V, or class IV and V, depending
on their distribution.

LMN presents with features similar to the primary
form when investigated by light microscopy (Fig. 1). In
many cases, no definite etiology may be recognized on the
basis of histological findings even though mesangial pro-
liferation may be seen in LMN (Fig. 2). However, a com-
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Fig. 1. Renal biopsy in a patient with LMN. AFOG stain of one
glomerulus with diffuse thickening of glomerular basement mem-
brane associated with the presence of many granular immune de-
posits in subepithelial position in a case of class V lupus nephritis.
LMN, lupus membranous nephropathy.

Fig. 2. Light microscopy. Periodic acid-Schiff stain of 2 glomeruli
with thickened of the capillary walls associated with areas of me-
sangial proliferation in a patient with lupus nephritis.

bination of immunofluorescence staining and structural
changes by electron microscopy can distinguish LMN
from primary MN with high specificity and varying sen-
sitivity. By immunofluorescence, the most important fea-
tures of LMN are “full-house” glomerular deposits of IgG,
IgM, IgA, and intense Clq, C3, and C4 staining in the
subepithelial space (Fig. 3) and occasionally in the mesan-
gium. The presence of prominent deposits of IgG 1-3
may also distinguish LMN from primary MN, in which
deposits of IgG4 are predominant [3]. Complement and
IgG deposits on tubular basement membranes and on
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vessel walls can also be seen in LMN. Of importance, us-
ing direct immunofluorescence microscopy of frozen tis-
sue or paraffin-immunofluorescence of pronase-digested
specimens, epitopes of the phospholipase A2 receptor
(PLA2R) protein are found to be overexpressed in glom-
eruli in about 70% of patients with primary MN [4]. Such
deposits have a pattern similar to the IgG deposits and
may persist for long periods (weeks and months) after the
immune activity of the disease has waned [5]. In some
cases of secondary MN (most notably sarcoidosis, cancer,
and hepatitis B viral infection) including LMN, hyperex-
pression of PLA2R antigen, or circulating anti-PLA2R
antibodies can be seen [6]. On the contrary, while in up
to 5% of patients with primary MN deposits of thrombo-
spondin type-1 domain-containing 7A (THSD7A) can be
detected [7], none have been described in LMN. This is
also the case for 2 newly recognized autoantigens such as
exostosin and neural epidermal growth factor-like 1 pro-
tein.

Electron microscopy confirms the presence of subepi-
thelial deposits (Fig. 4). Scattered subendothelial immune
deposits may be also identified in electron microscopy.
Tubulo-reticular structures (“interferon-fingerprints”)
in endothelial cells, extraglomerular deposits, combined
subendothelial, and subepithelial deposits have also been
reported.

A modified NIH activity index has been proposed to
monitor the severity of lupus nephritis [8]. However, im-
portant components of this index are not observed in
LMN, including endocapillary proliferation, fibrinoid
necrosis, and crescents. Clinical features, such as degree
of proteinuria, RBC, and white blood cell count have been
proposed to measure disease activity [9]. On the contrary,
chronic lesions associated with LMN such as global scle-
rosis, tubular atrophy, and interstitial fibrosis can be eas-
ily captured by the chronicity index. Interestingly, tubu-
lointerstitial inflammation and tubulointerstitial fibrosis
are associated with increased risk of renal flares in pa-
tients with LMN, thus stressing the role of innate immu-
nity in the pathogenesis of LMN [10].

Pathogenesis

Few data exist about the pathogenesis of LMN and
how it differs from other forms of lupus nephritis and
from primary MN. The subepithelial distribution of im-
mune complex deposits suggests that similar mechanisms
are involved in LMN when compared to primary MN
[11], although important differences remain. In primary
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Fig. 3. Immunofluorescence: strong and diffuse granular IgG de-
posits along the glomerular basement membrane in a case of class
V lupus nephritis.

Fig. 4. Electron microscopy of glomerular capillary reveals variably
sized subepithelial electron-dense deposits.

MN, endogenous or external (virus?) stimuli may in-
crease the expression of PLA2R1 epitopes or shed some
“cryptic” epitopes of PLA2R [12], which are located in the
subepithelial space of glomerular basement membrane
(GBM). In lupus nephritis, autoantigens are produced by
inefficient apoptosis and neutrophil extracellular traps
(NETs). Defective apoptotic clearing can allow nucleo-
somes normally contained within glomerular cells to be-
come renal autoantigens and can cause antigen modifica-
tions, such as nucleic acid oxidation, which increases the
inflammatory properties of self-antigens [13]. NETosis is
a specialized form of cell death. Proteins derived from
NET may also serve as self-antigens, which accumulate
and may contribute to the development of renal lesions
and to disease severity in SLE [14]. As circulating free
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Fig. 5. Granular deposits of IgG along the tubular basement mem-
branes.

DNA has been reported in patients with lupus nephritis
and recognized as the triggering event for the generation
of anti-dsDNA antibodies [15], and dsDNA can activate
cGAS/STING signaling pathways [16], the possibility of
a ds-DNA/STING signaling activation as a contributor to
the development of LMN deserves further investigation.
In primary MN, autoantibodies to PLA2R, usually of
IgG4 subclass, bind to conformational epitopes on spe-
cific domains of PLA2R expressed on the podocyte sur-
face, form local immune complexes in situ and activate
complement by the mannan-binding of complement cas-
cade [17]. Different districts of the glomerulus may be
affected by the immunological response in LMN, includ-
ing podocytes [18], tubular basement membranes (Fig. 5),
and tubulointerstitium [19]. There are no doubts that nu-
cleosomes are central targets for nephritogenic antibod-
ies in lupus nephritis [20] but how subepithelial immune
deposits may form in LMN is still uncertain. Ma et al. [21]
suggested 3 possible mechanisms: (1) subepithelial depo-
sition of preformed circulating immune complexes. Low-
affinity antigen-antibody interactions may allow immune
complexes initially trapped in a subendothelial position
to dissociate and reform in the subepithelial space of
GBM. (2) Intrinsic glomerular antigens that accumulate
in the subepithelial space and serve as target antigens for
circulating antibodies. (3) Histone-rich nucleosomes can
traverse the GBM due to electrostatic interactions and re-
main planted in the subepithelial space [22]. Whatever
the mechanism, autoantigens located in the subepithelial
space of the GBM are targeted by autoantibodies, which
are mainly IgGl, 2, or 3 at difference with primary MN.

Lupus MN

In addition, the dominant pathway of complement acti-
vation in lupus nephritis is the classical one, even though
activation of the alternative pathway may also play a role
[23]. Thelocal formation of immune complexes can cause
podocyte injury and trigger a sequence of events similar
to that observed in primary MN, as postulated by Austin
and Illei [11]. The membrane attack complex (MAC) is
the main cause of proteinuria in primary MN. MAC is the
acronym to indicate the assembly of the late components
of complement, namely, the complex C5b-9. In sublytic
quantities, C5b-9 can stimulate podocytes to produce a
number of inflammatory mediators — such as prostanoids,
proteases, cytokines, extracellular matrix components,
and reactive oxygen species — that may impair the filtra-
tion barrier by peroxidation of membrane proteins and
collagen. C5b-9 can also alter the actin cytoskeleton. In
response to a C5b-9 attack, the glomerular epithelial cells
activate specific signaling pathways that may cause partial
dissolution of the actin cytoskeleton, reduce nephrin ex-
pression, reduce F-actin-bound nephrin, and loss of slit-
diaphragm integrity. On the other hand, signals such as
endoplasmic reticulum stress may limit complement-in-
duced injury or promote recovery [24]. The extent of
complement activation and glomerular injury is depen-
dent, in part, on complement-regulatory proteins, which
act at early or late steps within the complement cascade.
Complement components in proteinuric urine also in-
duce tubular epithelial cell injury and mediate progres-
sive interstitial disease with consequent abnormal distri-
bution of slit-diaphragm protein and detachment of
podocytes that are shed into Bowman’s space, where they
produce cell activation, by converting normal cells into
resident inflammatory effector cells that cause injury
[25]. Experimental studies supporting a role of MAC in
LMN are lacking, but it is reasonable to speculate that in
the inflammatory environment of lupus nephritis both
classical and alternative pathways of complement are ac-
tivated, leading to activation of C5 convertase and MAC.
The consequent alterations of the GBM and the protein
filtration barrier of podocytes eventually result in pro-
teinuria (Fig. 6). However, these studies have been main-
ly conducted in animals that developed proliferative lu-
pus nephritis. Only one study in MRL/lpr mice showed
that Th1 responses depend on the function of the WSX-1
gene, which encodes a subunit of the IL-27R with homol-
ogy to IL-12R. Mice deficient for the WSX-1 gene devel-
oped disease resembling human membranous glomeru-
lonephritis with a predominance of IgG1 in glomerular
deposits, accompanied by increased IgG1 and IgE in the
sera [26].
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Fig. 6. A schematic view of possible pathogenesis of LMN. Defec-
tive apoptosis and NETosis can release nucleosomes from dead
cells, which are considered as self-antigens. In LMN, it is possible
that nucleosomes directly accumulate in the subepithelial space or
derive from circulating immune complexes that dissociate on the
subluminal side of GBM or cross the GBM and plant in the sub-
epithelial space (see text). The location of these new antigens elic-
its the production of autoantibodies, mainly IgG 1-3 with local
formation of immune complexes and activation of complement,

Clinical Presentation

Pure LMN accounts for approximately 15-20% of lu-
pus nephritis cases [27]. Like most forms of SLE, LMN
also mainly affects females. The mean age at presentation
ranges around 35 years. Children may also be affected by
pure lupus MN.

The clinical presentation is variable both in children
and adults. Many patients do not have extrarenal signs or
symptoms of SLE and present proteinuria and abnormal
urinary sediment as the sole disease manifestation, ante-
dating other clinical features and even immunological
markers of the disease by years. Proteinuria is the hall-
mark of the disease. Many patients have a full blown ne-
phrotic syndrome with proteinuria exceeding 3.5 g per
day, hypoalbuminemia, dyslipidemia, and variable de-
grees of edema. Hematuria and hypertension are com-
mon. However, other patients may be asymptomatic and
are discovered to be affected by the disease only at routine
check-up visits or by incidental urinalyses. Renal func-
tion is usually normal or subnormal. In a few patients
with severe nephrotic syndrome LMN may be detected
for the first time because of thrombotic events.
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by the classical and alternative pathways, leading to the production
of C5 convertase that cleaves C5 into C5a and C5b-C9. The ana-
phylatoxin C5a can also recruit neutrophils and macrophages,
while the MAC C5b-C9 results in podocyte damage and excessive
matrix material that alters the GBM, leading to proteinuria and
features of membranous nephropathy. Abs, antibodies; LMN, lu-
pus membranous nephropathy; NET, neutrophil extracellular
trap; GBM, glomerular basement membrane; MAC, membrane at-
tack complex.

Outcome and Prognosis

The outcome of LMN may be diverse. Both spontane-
ous remission of proteinuria and transformation from
LMN to proliferative lupus nephritis class III or IV are
well documented [28, 29]. Only few studies report long-
term follow-up. An American study showed that most of
36 patients with LMN WHO class Va or Vb maintained
proteinuria over time but about 28% developed ESRD
within 10 years from diagnosis. Initial serum Cr was the
only independent risk factor that predicted ESRD [30]. In
a Chinese trial, 38 patients with WHO class Va (45%) or
Vb (55%) treated with prednisone and azathioprine were
followed for a mean of 90 months. The cumulative risk of
renal relapse was 12% at 36 months and 16% at 60 months.
During the follow-up 13% of patients had a decline of Cr
clearance by 20%, but none had doubling of serum Cr.
Renal outcome was not significantly worse in patients
presenting with nephrotic syndrome [31]. A multicenter
French study reported the outcome of 66 participants
with a mean age of 31 years, followed for a mean period
of 6.9 £ 0.2 years. At 10 years a transition from LMN to
proliferative nephritis was seen in 14 patients (21%), 4 of

Ponticelli/Moroni/Fornoni



them progressed to ESRD. Four other patients entered
ESRD, 2 because of biopsy proven progressive fibrosis.
Renal survival at 10 years was 88%, but it fell to 50% in the
few patients followed for 20 years. Nephrotic syndrome
increased the risk of ESRD, but at multivariate analysis it
did not represent an independent risk factor for kidney
function deterioration. Thirty-four patients (51%) expe-
rienced sustained renal remissions. Thrombosis occurred
in 15 patients (23%) and was more frequent in those with
nephrotic syndrome [32]. An Italian multicenter study
reported the outcome of 67 patients with pure LMN. Af-
ter a mean follow-up of 13 + 8.6 years, 86% of patients
who received different types of treatment were in com-
plete or partial remission. The probability of being alive
with kidneys functioning at 10 years was also 86%. Five
patients with pure LMN died after a follow-up ranging
from 130 to 298 months. Causes of death were sepsis in
one case, cardiac arrest in another patient and unknown
causes in 3 patients. At multivariate analysis, initial serum
Cr, chronicity index, nephritic flares, and failure to re-
spond to treatment were independent predictors of renal
failure [33].

It appears from these studies that the progression of
the disease is usually slow but can be accelerated by trans-
formation to a more severe class or by renal flares. Mem-
branous transformation to proliferative glomerulone-
phritis is common and can lead to significant changes in
the outcome and treatment of lupus nephritis. Renal
flares may be subdivided into proteinuric flares, charac-
terized by increase in proteinuria with stable kidney func-
tion, and nephritic flares, characterized by a substantial
increase in serum Cr [34]. Nephritic flares are difficult to
manage and may lead to irreversible lesions, while pro-
teinuric flares usually respond to treatment, but the dura-
tion of flare is an independent predictor of CKD [35]. In
addition, flares in patients with lupus MN are frequently
associated with conversion to proliferative glomerulone-
phritis, as shown by renal biopsy [36]. Thus, prompt di-
agnosis and treatment of renal flares are critical to pre-
vent irreversible lesions.

Several Other Risk Factors May Concur in Causing
Complications in Patients with LMN

In spite of the young age at diagnosis, patients with
LMN are prone to CVD and thrombotic complications,
which are often triggered by hypoalbuminemia and/or
corticosteroids. Arterial hypertension is frequent in pa-
tients with SLE and can contribute significantly not only

Lupus MN

to accelerated atherosclerosis, and CVD but also to CKD.
Dyslipidemia, diabetes, and hypercoagulability are other
risk factors for CVD and thrombosis. High serum levels
of total cholesterol and triglycerides are commonly found
to accompany glomerular disease, especially in those situ-
ations associated with heavy proteinuria and hypoalbu-
minemia or in patients who received high doses or pro-
longed use of corticosteroids. The importance of high
LDL-cholesterol as a risk factor for CVD is well estab-
lished in the general population; the combined measure
of LDL- and VLDL-cholesterol, that is, cholesterol car-
ried by apoB particles, seems to be an even better marker
for atherosclerosis. Corticosteroids may also induce insu-
lin resistance and favor the development of type 2 diabe-
tes. Patients with nephrotic syndrome are at increased
risk for venous and or arterial thrombotic or embolic
events, triggered by a combination of increased plasma
levels of fibrinogen, low albumin levels, urinary loss of
protein C, protein S, antithrombin III, and hyperviscosity
favored by hypercholesterolemia [37]. The presence of
antiphospholipid antibodies may also predispose to arte-
rial and venous thrombosis.

Symptomatic Therapy

Prevention or early treatment of the complications re-
ported above is critical to improve the life-expectancy and
the quality of life of lupus patients with MN. There is a
general agreement that renin-angiotensin system (RAS)
inhibitors should be the preferred drugs to manage arte-
rial hypertension. These agents can reduce blood pressure
and can also possess antiproteinuric effects. Calcium
channel blockers with or without diuretics are the second
option for treating hypertension in patients who do not
respond to RAS inhibitors. Thiazides are also used to bet-
ter control blood pressure and to prevent edema. How-
ever, in case of severe edema, loop diuretics are needed.
Oral or intravenous furosemide is the loop diuretic more
frequently used in spite of its variable bioavailability. If
high-dose furosemide fails to reduce edema, combination
with a thiazide diuretic is usually attempted. In few ne-
phrotic patients with furosemide-resistant edema, tolvap-
tan or amiloride can be used with success.

Statins are the drugs of choice to treat hypercholester-
olemia. These lipid-lowering agents are usually well toler-
ated but at high doses they can cause myopathy and even
rhabdomyolysis. Caution should be used in prescribing
statins to patients taking cyclosporine. This drug can in-
crease the risk of statin side effects by inhibiting the activ-
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ity of cytochrome P 3A4, a regulator of the cell influx and
efflux of statins. Ezetimibe, alone or on top of statins, is
suggested for severe hypercholesterolemia, although the
evidence base for this reccommendation is weak in LMN.
New lipid-lowering drugs are emerging but their efficacy
and safety in patients with glomerular diseases still need
to be assessed.

Avoiding smoke, soft beverages and alcohol, reducing
carbohydrates in the diet, and regular physical activity
may help reduce the risk of developing type 2 diabetes.
Probably the most important measure is a consistent re-
duction of the body weight. Sodium-glucose cotransport-
er 2 inhibitors are good candidates for preventing diabe-
tes complications. They may prevent major adverse car-
diovascular events and progression of renal disease [38].
Vitamin D deficiency is frequent both in nephrotic pa-
tients and in those with SLE. Such a condition may be
involved in the development of rickets and osteomalacia,
in the progression of CVD and in an increased suscepti-
bility to infections. A significantly inverse relationship
between 25-hydroxyvitamin D D levels and lupus activity
has also been reported [39]. Thus, in nephrotic patients,
serum levels of dihydroxyvitamin D are worth to be mea-
sured. Supplementation should be prescribed in case of
low levels. A total vitamin D supply of 100 pg (4,000 IU)/
day is required to reach serum dihydroxyvitamin D con-
centrations >100 nmol/L. There is no evidence of adverse
effects with serum concentrations <140 nmol/L. Pub-
lished cases of vitamin D toxicity with hypercalcemia, for
which the dihydroxyvitamin D concentration and vita-
min D dose were known, all involved intakes of 21,000 pg
[40].

The use of anticoagulation to prevent thrombotic
events in patients with full blown nephrotic syndrome is
still discussed. Years ago, a decision analysis in patients
with primary MN concluded that warfarin can reduce the
risk of thromboembolic more than it increases the risk of
hemorrhagic complications [41]. Direct oral anticoagu-
lants (DOACs) have been largely used in kidney diseases,
but there is little information about their efficacy in pa-
tients with nephrotic syndrome. Most direct oral antico-
agulants are cleared by the kidney and circulate bound to
proteins; thus, the pharmacokinetics of these drugs can
be influenced by reduced renal function and proteinuria
[42]. The KDIGO 2012 guidelines is to consider full-dose
anticoagulation if serum albumin drops below 2.0-2.5 g/
dL [43]. Low-dose aspirin has also been proposed for ne-
phrotic patients with good levels of albuminemia [44]. At
present, prophylactic anticoagulation may be suggested
for patients with a previous history of venous thrombo-
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embolic events, and for those with additional risk factors
(hereditary thrombophilic predisposition, immobility,
obesity, and anti-phospholipid antibodies positivity).

Hydroxychloroquine (HCQ) is an inexpensive drug,
although the price is variable depending on country.
HCQ may permit reduced dosing for corticosteroids and
immunosuppressive drugs in lupus nephritis. HCQ may
also prevent the lupus flares and the thrombotic compli-
cations in patients with anti-phospholipid syndrome.
Further benefits may include protection against osteopo-
rosis and atherosclerosis. HCQ is recommended in lupus
patients by the recent guidelines of the Joint European
League Against Rheumatism and European Renal Asso-
ciation-European Dialysis and Transplant Association
[45]. With proper dosing and monitoring, HCQ is gen-
erally a safe drug. HCQ dosing is weight based (usually
5 mg/kg/day) and may need to be adjusted in advanced
CKD. However, like any other medication, HCQ can be
responsible for a number of adverse events. HCQ side ef-
fectsare usually dose-dependent and many adverse events
reflect intentional or unintentional over-dosage. Chil-
dren are particularly vulnerable to side effects of chloro-
quine. Given its similarity to chloroquine, also HCQ
should be considered potentially toxic in the pediatric
population. The most severe complication is retinopathy.
High-dose and long-use duration are the most significant
risks of developing retinopathy. The risk dramatically in-
creases with cumulative doses higher than 1,000 g of
HCQ. A yearly annual ophthalmological examination is
recommended. Cardiotoxicity is a rare but serious com-
plication of HCQ. It commonly manifests as a restrictive
or dilated cardiomyopathy or with conduction system ab-
normalities including atrioventricular block and bundle
branch block. Risk factors for the development of HCQ-
induced cardiotoxicity include older age, female gender,
longer duration of therapy (>10 years), elevated per-kilo-
gram daily dose, preexisting cardiac disease, and renal in-
sufficiency [46].

Immunosuppressive Treatment

There is agreement that patients with persistent ne-
phrotic syndrome in spite of the use of RAS inhibitors
should receive immunosuppressive therapy, while there
is controversy about the use of immunosuppression in
patients with subnephrotic proteinuria. The Joint Euro-
pean League Against Rheumatism and European Renal
Association-European Dialysis and Transplant Associa-
tion (EULAR/ERA-EDTA) recommended the use of cor-
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ticosteroids and immunosuppressive drugs in pure class
V nephritis, when the ratio urine protein/Cr exceeds
1,000 mg/g despite the optimal use of renin-angiotensin-
aldosterone system blockers [45].

Several immunosuppressive agents have been used in
LMN, including corticosteroids, purine synthesis inhibi-
tors, alkylating agents, or calcineurin inhibitors (CNIs)
either alone or associated with corticosteroids and/or pu-
rine synthesis inhibitors (multi-target therapy). Retro-
spective studies in patients with LMN and nephrotic syn-
drome reported the efficacy of CNIs. Both cyclosporine
[47] and tacrolimus [48], given alone or in combination
with corticosteroids, could obtain complete or, more fre-
quently, partial remission of proteinuria. Relapses were
frequent after withdrawal of therapy. However, many pa-
tients might be maintained in partial remission with sta-
ble renal function using low-dose CNI and regular mon-
itoring of clinical and biological conditions. Observation-
al reports showed that mycophenolate mofetil (MMF)
often associated with prednisone could significantly re-
duce proteinuria. However, those studies were small-
sized and had a too short follow-up to assess the possible
role of mycophenolate in LMN.

In patients with severe nephrotic syndrome, we are us-
ing a combination of either cyclophosphamide or chlo-
rambucil with glucocorticoids similar to that adopted in
primary MN [49]. In a preliminary experience with 11
patients with LMN, 7 patients were in complete remis-
sion, and 3 patients were in partial remission after a mean
follow-up of 83 months. Only one of them developed a
reversible flare-up. The eleventh patient entered partial
remission but developed extracapillary glomerulonephri-
tis and eventually progressed to ESRD 24 years after the
clinical onset of renal disease [50]. Rituximab has been
used largely in refractory forms of proliferative lupus ne-
phritis. In the Lupus Nephritis Assessment with Ritux-
imab (LUNAR) study, a randomized prospective con-
trolled trial comparing MMF to MMF plus rituximab, the
addition of rituximab led to more responders and im-
provement in anti-dsDNA antibodies and serum comple-
ment levels. However, at 1 year, the patients getting ritux-
imab did not experience improved clinical outcomes. The
patients entered into this trial mostly had Class III or IV
SLE nephritis. There were few patients with Class V LMN
[51]. Chavarot et al. [52] treated 15 patients with LMN
with rituximab. Complete remission was achieved in 8
patients and partial remission in 5. Two patients failed to
respond. In the Rituxilup study, 50 patients (44% of
whom had pure class V lupus nephritis) were treated with
2 doses of rituximab (1 g) and methylprednisolone (500
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mg) on days 1 and 15, and maintenance treatment of
MME. By 52 weeks, complete and partial remissions had
been achieved in 26 (52%) and 17 patients (34%), respec-
tively. Twelve relapses occurred in 11 patients, and 6 pa-
tients had systemic flares. Adverse events requiring hos-
pitalization occurred in 9 of 50 patients, in 5 because of
infection [53]. A systematic analysis of the use of ritux-
imab in refractory lupus nephritis reported that this drug
achieved complete or partial response in 67% of patients
with refractory LMN [54].

A few randomized, controlled trials have been per-
formed in LMN. In a trial, 42 patients were randomized
to receive prednisone alone or prednisone combined with
cyclosporine for 11 months or alternate-month intrave-
nous pulse cyclophosphamide for 6 doses. Although both
cyclophosphamide and cyclosporine were more effective
than prednisone in inducing remissions of proteinuria,
relapse of nephrotic syndrome occurred significantly
more often after completion of cyclosporine than cyclo-
phosphamide [55]. The Aspreva Lupus Management
Study (ALMS) group compared MMF versus monthly in-
travenous cyclophosphamide in patients with lupus ne-
phritis. Both groups received prednisone, tapered from a
maximum starting dosage of 60 mg/day [56]. Among 370
participants, 84 patients with class V disease were ran-
domized to 2 equal groups; each group had comparable
entry variables, but one received MMF and the other one
intravenous cyclophosphamide. Within these groups, 33
patients on MMF and 32 patients on cyclophosphamide
completed 24 weeks of treatment. There were no differ-
ences between the groups in mean values for the mea-
sured end points. Similarly, no difference was found re-
garding the number of patients who did not complete the
study or who died [57]. However, the aim of the trial was
to assess the effects of 2 different treatments for induction
therapy in lupus nephritis. The duration of the trial was
too short to evaluate the efficacy and safety of the 2 regi-
mens in a slowly progressive disease such as lupus MN.
After the results of ALMS trial, some nephrologists prefer
to use MMF for induction therapy in patients with class
V since the drugs is safer with a lower risk of ovarian fail-
ure than cyclophosphamide. The American College of
Rheumatology guidelines recommended MMF plus
prednisone as the initial treatment for patients with LMN
and nephrotic syndrome [58]. However, relapses are fre-
quent after MMF withdrawal and some patients do not
tolerate the drug because of gastrointestinal troubles. A
randomized controlled study compared 6 months thera-
py of tacrolimus (0.1 mg/kg/day) versus MMF (2 g per
day); all patients were also given high-dose prednisolone
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(0.6 mg/kg/day for 6 weeks tapered to 10 mg/day for
maintenance). The subgroup of 28 patients with LMN
treated with tacrolimus had better improvement of pro-
teinuria and achieved complete and partial remission in
all the 16 participants in comparison with 7 out of 12 pa-
tients assigned to MMF [59]. A multi-targeted therapy,
based on tacrolimus, MMF and corticosteroids, proved to
be superior than intravenous cyclophosphamide for in-
duction therapy and resulted in a low renal relapse rate
and fewer adverse events in comparison with azathio-
prine in the maintenance therapy [60].However, only few
patients with lupus class V were enrolled in the study.

In summary, different treatments proved to be effec-
tive in LMN, but a number of uncertainties still remain.
Corticosteroids alone are poorly effective, but they may
be useful in combination with other immunosuppressive
drugs. In patients with severe nephrotic syndrome, re-
duction of proteinuria may be obtained with cyclosporine
or tacrolimus, alone or combined with prednisone. How-
ever, complete remission is infrequent and many patients
relapse when the drug is withdrawn. MMF or azathio-
prine is less effective than CNI in reducing proteinuria,
but they can help maintaining remission. Cyclical therapy
with corticosteroid and cyclophosphamide may obtain
stable results, but the response may occur after months
and their use requires a careful clinical monitoring or
may be contraindicated in some patients. Rituximab is
easier to manage but the optimal dosage is still to be de-
fined; its efficacy and safety in the long-term are still
poorly known. Few data are available with multitarget
therapy in LMN and only in patients with Asian ethnicity.
Finally, some patients who do not respond to a certain
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