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Introduction

Minimal change nephrotic syndrome (MCNS) is the
most common cause of nephrotic syndrome (NS) in
children. However, this disease also occurs in adults as
an idiopathic abnormality, in association with lym-
phoid and other neoplasms and with administration of
therapeutic agents. The pathogenesis of MCNS is not
completely understood, but there is now consensus that
a glomerular permeability factor in some cases is
responsible for the clinical and pathological features of
the disease [1–4]. Data to support this include isolation
of a permeability factor produced by clonal expansion
of T-cells that alters albumin permeability of rat
glomerular epithelial cell monolayers [3] and induces
proteinuria when injected into rats [4]. Other investi-
gators suggest MCNS is a systemic disorder of T-cell
function and cell-mediated immunity [1,2]. However,
the role of T-cells and their products in the develop-
ment of MCNS is not defined.

Until recently, little thought was given to a
pathogenic role for B-cells in MCNS. However,
serendipitous clinical experiences with the anti-B-cell
(anti-CD20) drug rituximab (Rituxan�, Genentech
Inc. Vacaville, CA, USA) in the treatment of B-cell
lymphomas or immune thrombocytopenic purpura
(ITP) in paediatric transplant recipients, who also
had recurrent focal segmental glomerulosclerosis
(FSGS) [5–7], showed long-term resolution of NS.
This finding suggests that B-cells and/or their products

may be a critical element in FSGS and NS. The role
of B lymphocytes in the pathogenesis of MCNS is
unclear. While B-cell depletion is a recognized therapy
for NS mediated by antibody or immune complexes
[8,9], until recently there have been no reports using
this approach in treating adult-onset MCNS [10].
Herein, we report an adult with steroid and mycophe-
nolate mofetil-resistant MCNS who subsequently
had a rapid and prolonged response to treatment
with rituximab.

Case report

A 40-year-old Guatemalan female in excellent health,
without significant past medical history and no history
of atopic disease, presented in June 2005 at an outside
hospital, complaining of increasing bilateral lower
extremity oedema and vague abdominal pains. Her
serum albumin was 17 g/l and urine analysis showed
4þ proteinuria. Her serum creatinine was 53 mmol/l.
The patient was referred to a nephrologist and under-
went renal biopsy in July 2005.

Light microscopy of the renal biopsy disclosed
glomeruli, tubules, interstitium and vasculature with-
out abnormalities. Immunofluorescence of glomeruli
was positive only for minimal segmental mesangial
staining for IgM in a granular pattern. Electron
microscopy revealed >95% effacement of podocyte
foot processes within glomeruli. A diagnosis of
minimal change disease was made.

The patient was treated with prednisone 60mg/day
from July to October 2005 with an incomplete clinical
response. Repeat urine study in October 2005 revealed
1.48 g protein/creatinine ratio. Attempts to taper ster-
oids resulted in increased proteinuria and she devel-
oped steroid complications, including cushingoid
appearance, acne, glucose intolerance, easy bruising
and obesity. A further attempt to reduce steroids was
initiated by adding mycophenolate mofetil (MMF)
(CellCept�, Roche Pharmaceuticals, Nutley, NJ, USA)
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at 1g twice daily in November 2005. Despite this,
she experienced a complete relapse of her MCNS with
proteinuria increasing to 4þ and worsening oedema.
Prednisone was increased to 60mg/day and MMF was
discontinued. Other medication at this time included
furosemide 40mg bid, potassium chloride 40meq/day,
losartin potassium 50mg/day and lansoprazole
30mg/day.

The patient was referred to our institution in
January 2006. At that time, her physical exam revealed
a weight of 68.7 kg (dry weight around 61.2 kg), blood
pressure 119/58, pulse 69, temperature 96.6 and
respiratory rate 20. She displayed cushingoid features,
severe acne and 3þ lower extremity pitting oedema.
Urine dipstick revealed 4þ protein with 15 g protein/
creatinine ratio and a benign sediment. Her serum
albumin was 17 g/l, total cholesterol 17.8mmol/l,
LDL 15mmol/l, triglycerides 3.5mmol/l and serum
creatinine 46 mmol/l. Serologies for hepatitis B, hepa-
titis C, HIV1/HIV2 and parvovirus B19 PCR were
negative.

Prednisone was given at 60mg/day and MMF
restarted at 1 gm/bid. She returned 6 weeks later, was
admitted due to lack of clinical response, and under-
went repeat renal biopsy to confirm the diagnosis.
The renal biopsy showed glomeruli without patholog-
ical changes by light microscopy, specifically lacking
segmental sclerosis, adhesions or hypercellularity.
There was mild interstitial oedema and tubular cells
focally displayed acute injury. There was no significant
staining of glomeruli for any immune reactants by
immunofluorescence. Electron microscopy revealed
75–80% effacement of podocyte foot processes
(Figure 1) as the only glomerular abnormality.
Tubular cells showed focal mitochondrial swelling.
Diagnoses of podocyte foot process effacement, con-
sistent with partially treated minimal change disease
and mild acute tubular injury, were made.

At this point, different treatment options were
discussed with the patient and included long-term
cyclosporin A and oral cyclophosphamide. She was
reticent about these choices, due to prior poor response
to treatment. We then discussed the possibility of
using rituximab, as clinical reports had demonstrated
responses in patients with FSGS resistant to other
therapies [5]. The patient agreed to this approach and
was stared on rituximab 375mg/m2/week for 4 weeks,
MMF 1000mg twice a day and prednisone 40mg every
day with a rapid prednisone taper to 5mg/day over
1 month. She had a dramatic and to date, prolonged
and complete response to rituximab. Following the
second rituximab dose, the urinary protein excretion
dropped by 25%, and 10 weeks after start of
rituximab, the urine protein/creatinine ratio was
normal with a serum albumin level of 49 g/l. The
patient was last seen more than 1 year after initiation
of therapy and remained in complete remission with
overall improvement including a weight of 61.7 kg, no
oedema and no cushingoid features. She is currently
maintained on MMF 250mg/twice daily and predni-
sone 5mg/daily.

Discussion

MCNS is the most common cause of NS in children,
accounting for 90% of cases under the age of 10 [1].
Adult onset MCNS accounts for �15% of NS cases in
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Fig. 1. Second renal biopsy. (A). Normal glomerulus without
capillary wall or mesangial abnormalities. Periodic acid-methena-
mine silver 80�. (B). Electron micrograph of representative
glomerulus showing incomplete (80–85%) effacement of podocyte
foot process. (10000�).
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adults of all ages [11]. The long term prognosis of adult
onset MCNS is debatable but appears comparable
to childhood MCNS [11]. Despite much effort, the
pathogenic mechanisms responsible for MCNS are not
clearly understood [1–4,12–15], although most data
suggest that MCNS is a systemic immunological
condition of T-cell dysfunction [1–2]. Permeability
factors produced by T-cells have been suggested as the
cause of capillary wall permeability [16]. Our group has
shown that IL-13 appears to be an important cytokine
associated with proteinuria and possibly MCNS,
as levels are elevated with relapse of MCNS and
disappear with remission. In addition, overexpression
of IL-13 in rats results in proteinuria, foot process
effacement and other features of MCNS [12–15].

Until recently, there has been little regard for a role of
B-cells in the pathogenesis of MCNS. However, when
rituximab, a chimeric anti-CD20 antibody, was used to
treat ITP concurrent with NS and post-transplant
lymphoproliferative disorder, in transplant recipients
with recurrent FSGS and NS, there were unexpected
remissions of NS [5–7]. This initiated interest in
pathogenic pathways involving B-cells that could be
responsible for NS. Most recently, Pescovitz et al. [7]
successfully used rituximab in the treatment of FSGS,
an entity that may progress from MCNS and shares
podocyte injury and foot process effacement.

The effect of B-cell depletion on T-cell function is
unknown, but appears to be minimal. However, one
study demonstrated increased numbers of T-regulatory
cells after rituximab therapy in SLE patients [17].

Thus, the alleged permeability factor responsible for
NS in some patients could be produced by B-cells or
T-cells through pathways regulated or stimulated by
B-cells. The former seems likely since Gilbert et al. [18]
recently reported using rituximab to treat a child with
steroid-dependent MCNS with resulting long-term
remission, despite failure of multiple other therapies.
The child remained in remission, while the CD19
(B-cell) counts were undetectable, but relapsed after
9 months when CD19 (þ) cells returned. Francois et al.
[10] demonstrated the efficacy of rituximab in a patient
with MCNS diagnosed at age 6 and treated with
rituximab at age 30 after frequent relapses and
treatment failures with other agents. Thus, chronic
childhood MCNS persisting into the adult-years may
respond to rituximab and sustained remissions with
rituximab are possible despite long-term disease and
treatment failures. This article and our case suggest
that B-cells play an important role in the pathogenesis
of MCNS and represent a reasonable therapeutic
target. This is in contrast to the long-held ideas of
the primacy of T-cells in the mediation of MCNS
[16,19]. Clearly, our findings and those of others
suggests that B-cells and/or their products may be
central to the pathogenesis of MCNS [18–24]. Table 1
represents a summary of the published case reports of
the use of rituximab in MCNS and FSGS, usually
steroid-resistant lesions. These reports, although
uncontrolled, show that patients may have dramatic
and sustained responses with complete or partial
remissions to rituximab alone, despite prolonged

Table 1. Summary of literature on use of rituximab in treatment of patients with MCNS and FSGS

Reference MCNS/FSGS Rituximab dose Outcome: remission
(Y/N)

Side
effects
(Y/N)

Benz et al. [5] One patient, SD-FSGS 35 relapses, unresponsive to
steroids/cyclophosphamide

375mg/m2 weekly 4� (Y) >4month N

Smith [24] One patient, SD-MCNS, multiple relapses unresponsive
to Cyclophosphamide/MMF/Prograf

375mg/m2 1� (Y) >8month N

Hofstra et al. [23] One patient, SD-MCNS, multiple relapses, unresponsive
to
cyclophosphamide/MMF/Prograf

1gm i.v. every other
week 2�

(Y) partial >4month N

Gossman et al. [22] One patient, recurrent FSGS post-transplant resistant to
MMF/prograf and plasmapheresis

375mg/m2 2� (Y) 12 month N

Bagga et al. [21] Five patients (SR-MCNS/FSGS) unresponsive to
CSA/cyclophosphamide

375mg/m2 weekly 4� (Y) complete remission
in 3/partial in 2
(longest >58 wks.)

N

Kamar et al. [20] Two patients (recurrent FSGS post-transplant) resistant
to MMF/Prograf, plasmapheresis

375mg/m2 weekly 2�
and 375mg/m2

weekly 4�

(Y) one patient
complete remission
(N) second patient

N

Gilbert et al. [18] One patient SD-MCNS frequent relapses, unresponsive
to cyclophosphamide/CSA/Prograf

375mg/m2 weekly 4� (Y) 9month Relapse
a/w return of B-cells

N

Francois et al. [10] One patient, SD-MCNS. 30 relapses over 22 years.
Resistant to multiple therapies

375mg/m2 weekly 4� (Y) complete remission
after 22 years of
frequent relapses
(3 years)

N

Pescovitz et al. [7] One patient post-transplant with recurrent FSGS
and PTLD

375mg/m2 weekly 4� (Y) complete remission
of PTLD and FSGS

N

Nozu et al. [6] One patient post-transplant with recurrent FSGS
and PTLD

375mg/m2 weekly 4� (Y) complete remission
of PTLD and FSGS

N

PTLD, post-transplant lymphoproliferative disorder; 1�, one treatment; 2�, two treatment; 4�, four treatment.
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courses of steroids, cytotoxic drugs, MMF and
calcineurin inhibitors without good response prior to
initiation of rituximab.

In conclusion, rituximab therapy in an adult with
refractory MCNS resulted in a rapid and sustained
remission. This dramatic response to rituximab after
months of steroid dependency and resistance suggests
that B-cell depletion may be an important new
approach to management of MCNS in children and
adults.
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