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Abstract It has been reported (this issue Pediatric
Nephrology) that cyclosporine A (CyA) therapy in combi-
nation with corticosteroids, angiotensin-converting enzyme
inhibitor, and an angiotensin receptor blocker decreased
proteinuria in three patients with nephrotic syndrome (NS)
due to WTI mutations. Treatment with calcineurin inhib-
itors were found to induce a partial remission of proteinuria
in several other children with genetic forms of NS, such as
mutation in the podocine and in the phospholipase C
epsilon gene. CyA therapy has also been reported to be
beneficial to patients with Alport syndrome. Recent data
have shown that the antiproteinuric effect of CyA in these
cases may be due to a non-immunologic mechanism. CyA
exerts an antiproteinuria effect by preventing the degrada-
tion of the actin organizing protein synaptodpodin and by a
downregulation of TRPC6. This mechanism leads to the
stabilization of the actin cytoskeleton in the kidney
podocytes. This beneficial effect of CyA is interesting, but
long-term results regarding function and nephrotoxicity are
still missing.
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Introduction

In this issue of Pediatric Nephrology, Gellermann et al. [1]
report that patients with W7/ mutations may respond to
cyclosporine A (CyA) therapy given in combination with
corticosteroids. In their study, CyA had a beneficial effect on
proteinuria in three cases of nephrotic syndrome (NS) due to
WTI mutations. It is also important to note, however, that the
addition of an angiotensin-converting enzyme (ACE) inhib-
itor and an angiotensin receptor blocker to the therapeutic
regimen may have played an additional role in the reduction
of proteinuria in these patients.

The treatment of glomerular diseases with CyA was first
described more than 20 years ago [2]. CyA has been found
to induce the remission of proteinuria in patients with
minimal change disease in which a T cell dysfunction is
thought to play a crucial role. It has been postulated that
CyA acts through the inhibition of NFAT signalling in T
lymphocytes [3], but as the immune system is not involved
in the glomerular disease due to WT1I mutations, the effect
of CyA must therefore be related to other mechanisms [4].
However, long-term results on renal function and nephro-
toxicity in this context are not yet available.

CyA in other non-immunological forms of NS

Malina et al. reported a partial remission of proteinuria in a
child with a NS due to a NPHS2 mutation following
treatment with CyA. The CyA therapy had no negative
effects on renal function [5].

Mutations in the phospholipase C epsilon gene may
cause early-onset NS with end-stage kidney disease
(ESRD) [6]. Histological examination of kidney tissue
obtained from affected individuals has revealed either
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diffuse mesangial sclerosis or focal segmental glomerulo-
sclerosis. Notably, Hinkes et al. described two children
with truncating mutations of the phospholipase C epsilon
gene who responded to treatment with corticosteroids or
CyA [6]. One child responded to an initial 4-month course
of CyA treatment, which was subsequently extended to
2.5 years.

CyA has also been reported to reduce proteinuria in
patients with Alport syndrome. Callis et al. reported on
eight male patients with Alport syndrome treated with CyA
for 7-10 years. These patients showed a slower progression
to renal failure than their affected but untreated siblings
[7, 8]. Repeat renal biopsies did not show any signs of CyA
nephrotoxicity after 5 years of treatment. In another study,
Charbit et al. found that the same doses of CyA resulted in
a significant reduction of proteinuria as well as an increase
in serum albumin in eight of nine patients [9]. However,
CyA was rapidly responsible for nephrotoxicity in seven
patients who experienced a 18-52% reduction of inulin
clearance with 6 months of treatment. Serial renal biopsies
performed on five patients who had continued the treatment
for 20-27 months revealed that four of these showed
marked worsening of renal lesions.

Chen et al. studied the effects of CyA in a canine model
of X-linked Alport syndrome [10] and found that CyA was
beneficial in slowing the progression of the disease in terms
of glomerular filtration rate (GFR) and pathological lesions.

Mechanisms of the beneficial effect of CyA

Mechanisms other than the immunosuppressive effects of
CyA are involved in the reduction of proteinuria in patients
with glomerular diseases since CyA significantly decreases
proteinuria in a number of glomerulopathies with no
immunological background [3].

One proposed mechanism is the afferent arteriole
vasoconstriction induced by CyA. The amount of serum
albumin crossing the glomerular filtration barrier is reduced
due to the reduction in the glomerular filtration rate. Zietse
et al. studied the effects of CyA on renal perfusion and the
glomerular filtration barrier in patients with NS of various
etiology [11]. Low doses of CyA led to the restoration of
the charge selectivity of the glomerular barrier in minimal
change disease, whereas in membranous glomerulopathy,
changes in proteinuria were related to an increase in
glomerular permselectivity and a decrease in filtrate flow
through the shunt pathway. Proteinuria did not decrease in
patients with membranoproliferative glomerulonephritis or
focal and segmental glomerulosclerosis despite the hemo-
dynamic effects of CyA.

In an experimental model of anti-glomerular capillary
basement membrane (GBM) nephritis, Schrijver et al.
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showed that CyA had an antiproteinuric effect independent
from the glomerular hemodynamic changes [12]. They
postulated a reduction of the permselectivity of the
glomerular barrier for proteins. This hypothesis is in
accordance with the findings of Ambalavanan et al. [13].
These researchers studied 41 patients with NS and biopsy-
proven membranous nephropathy who received a 3- to
6-month course of CyA. They found that the GFR and renal
plasma flow remained constant but that the CyA restored
the destran-sieving curve towards normal, thereby lowering
the computed fraction of shunt-like pores by 25%.
Interestingly, Charbit et al. found the opposite results in
patients with Alport syndrome [9]. These researchers
performed fractional neutral dextran clearances in nine
children treated with CyA and observed no difference in the
size selectivity for molecules with a radius of 30-54 A prior
to and following CyA therapy.

Chen et al. proposed that the beneficial effect of CyA in
their canine model came from a delayed deterioration of the
GBM structure, which in turn could be related to
glomerular haemodynamics altered by CyA [10].

In two individuals with PLCE! truncating mutations
who showed full and sustained treatment responses, Hinkes
et al. [6] speculated that there may be a critical time
window in glomerular development during which treatment
with glucocorticoids or CyA may overcome a putative
developmental defect imposed by the PLCE1 loss of
function. This may occur through the induction of a
redundant mechanism, such as the activity of another
phospholipase C. This concept that the arrest of glomerular
development through PLCE! mutations may be reversible
by treatment with glucocorticoids or CyA is very interest-
ing. The exact mechanism has yet to be elucidated.

Faul et al. proposed yet another mechanism for the
antiproteinuric effect of CyA [14]. It is known that the filter
function of a normal kidney requires a normal podocyte
actin cytoskeleton. Synaptopodin is an actin binding protein
that is highly expressed in podocytes and which is an
important regulator of podocyte function through its
interaction with CD2AP. Indeed, bigenic heterozygosity
for both proteins causes proteinuria and focal segmental
glomerulosclerosis (FSGS). Faul et al. showed that the
activation of calcineurin in the podocytes results in the
dephosphorylation of synaptopodin and causes proteinuria
via the degradation of synaptopodin. These results suggest
that the antiproteinuric effect of CyA is the result of a direct
effect on synaptopodin via the maintenance of synaptopo-
din abundance in podocytes [15]. This mechanism leads to
the stabilization of its actin cytoskeleton.

TRPC6, a transient receptor potential channel, increases
calcium influx in the podocytes. Gain-of-function muta-
tions of the TRPC6 gene cause familial FSGS, and TRPC6
overexpression have been found in acquired proteinuria.
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Nijenhuis et al. found TRPC6 overexpression in the animal
model of adriamycin nephropathy that correlated with
glomerular damage [16]. Angiotensin receptor blockade or
ACE inhibitors ameliorate the upregulation of TRPC6.
These authors also showed that angiotensin II and
adriamycin stimulate TRPC6 expression in cultured podo-
cytes through the calcineurin pathway. Therefore, CyA,
through calcineurin inhibition, downregulates TRPC6
expression in vitro and in vivo in adriamycin nephropathy,
resulting in reduced proteinuria. Interestingly, TRPC6 gene
deficiency is associated with less proteinuria in adriamycin
nephropathy [17].

Conclusion

Calcineurin inhibitors decrease proteinuria through different
mechanisms, with some of these mechanisms being
unrelated to the inhibition of the NFAT signaling in T
lymphocytes. Recent findings showing that CyA exerts an
antiproteinuric effect by preventing the degradation of
synaptopodin and by a downregulation of TRPC6 expres-
sion open new avenues for the search of new drugs without
the nephrotoxic effects of calcineurin inhibitors.

The beneficial effect of CyA in the three cases of
nephrotic syndrome due to W71 mutation is interesting, but
it does not indicate that CyA therapy slows the progression
of the disease to ESRD. Moreover, the potential nephro-
toxicity of the drug may limit its long-term use.
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