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Regulatory T cells and minimal change nephropathy: in the midst
of a complex network
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Summary

Minimal change nephrosis (MCN) is an important cause of morbidity in
children. In spite of successful therapies having been developed in the last
three decades, most aspects related to pathogenesis still remain poorly
defined. Evolution in basic immunology and results deriving from animal
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models of the disease suggest a complex interaction of factors and cells

starting from activation of innate immunity and continuing with antigen
presentation. Oxidants, CD80 and CD40/CD40L have probably a relevant
role at the start. Studies in animal models and in human beings also suggest
the possibility that the same molecules (i.e. CD80, CD40) are expressed by
podocytes under inflammatory stimuli, representing a direct potential
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mechanism for proteinuria. B and T cells could play a relevant role this
contest. Implication of B cells is suggested indirectly by studies utilizing
anti-CD20 monoclonal antibodies as the main therapy. The role of
regulatory T cells (T,egs) is supported mainly by results in animal models of
nephrotic syndrome (i.e. adriamycin, puromycin, lipopolysaccharide),
showing a protective effect of direct T, infusion or stimulation by
interleukin 2 (IL-2). Limited studies have also shown reduced amounts of
circulating T, in patients with active MCN cells. The route from bench to
bedside would be reduced if results from animal models were confirmed in
human pathology. The expansion of T, with recombinant IL-2 and new
anti-CD20 monoclonal antibodies is the beginning. Blocking antigen-
presenting cells with cytotoxic T lymphocyte antigen (CTLA-4)-Ig fusion
molecules inhibiting CD80 and/or with blockers of CD40-CD40 ligand
interaction represent potential new approaches. The hope is that evolution
in therapies of MCN could fill a gap lasting 30 years.
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Introduction

Minimal change nephrosis (MCN) in children is character-
ized by episodes of severe proteinuria and hypoalbuminae-
mia (serum albumin < 2.5 g/dl) that are often associated
with dyslipidaemia and hypercoagulability. It affects two to
10 children per 100 000 per year in western countries, with
a prevalence of 16 cases per 100 000 [1]. Renal pathology
justifies the name, because glomeruli appear morphologi-
cally normal and without deposition of antibodies.
Although most patients respond favourably to steroids,
relapse rate is as high as 80% and a long-term combination
of steroids and calcineurin inhibitors is often required to

maintain remission [2,3]. Disease remission and preven-
tion of kidney disease progression are the main long-term
care objectives [2,4,5].

Characterizing mechanisms of MCN is a challenge. His-
torically, MCN has been considered a T cell pathology;
however, evolution in basic immunology and in therapies
of MCN propose a more articulated pathogenesis with par-
ticipation of innate immunity, B cells and regulatory T cells
(Thegs)> every single element having a prominent role in dif-
ferent phases of the disease. Probably, a two-hit mechanism
with more regulatory check-points fit the dynamics of pro-
teinuria more accurately in this setting.
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T cell involvement is the historical view

Shaloub et al. [6] first hypothesized that MCN is the renal
manifestation of a T cell dysregulation in which cytokines
act as modifiers of podocyte ultrastructure. This hypothe-
sis was based on indirect evidence, such as the absence of
antibodies in the kidney, sensitivity to steroids and cyclo-
phosphamide, which modify cell-mediated responses and,
finally, the association with Hodgkin’s disease. Studies on
T cell and cytokine prevalence performed until 2000
substantiated the theory [7-9], showing an imbalance
between CD4%/CD8 /natural killer (NK) cells with the
prevalence of the latter two elements [10,11]. However,
cytokines have been variably reported based on different
methodologies (e.g. peripheral blood mononuclear cells
or T cells stimulation versus standing cells, mRNA expres-
sion, etc.), and the following main results contributed to
reach fragmentary conclusions: (1) tumour necrosis factor
(TNF-a) is increased in serum, T and peripheral blood
mononuclear cells and in polymorphonuclear cells
[12-14]; (2) interferon (IFN-v), IL-1B, IL-2, IL-4 and IL-
6 are low in serum [12,14,15], while their synthesis is
increased in stimulated peripheral blood mononuclear
cells and polymorphonuclear cells [12-16]; and (3) IL-8
and IL-12 synthesis have been reported as high and low
by different authors [14,15,17,18] (Table 1). Finally,
experimental studies in Wistar rats transfected with the
IL-13 gene showed significant proteinuria and pathology
changes of human MCN, suggesting that this cytokine is
toxic for podocytes [18]. Overall, the general idea is that
a single cytokine per se cannot be considered pathogenic
of MCN and that a complex set of factors and cells may
explain the pathology more clearly. It is also evident that
immunology in the last few years has obtained impressive
advances, and a simplified view on the T cell compart-
ment has been deeply modified by research. Numerous
phenotype T cell variants with different function and
plasticity of effectors and regulatory cells are now consid-
ered a basic element that would be implicated in renal
pathology (scheme in Fig. 1).

Regulatory T cells and minimal change nephropathy
Innate and adaptive immunity/B cells

Oxidants

Experimental models and observations in human beings sug-
gest the participation of reactive oxygen species (ROS) in the
pathogenesis of MCN. ROS are typical first-phase reactants
produced by polymorphonuclear cells in response to infec-
tious triggers. Bertelli ef al. [19] first showed that polymor-
phonuclear cells produce high quantities of oxidants in
children affected by MCN during relapse of proteinuria, due
probably to an alteration of a negative regulatory circuit that
involves soluble factors deriving from regulatory T cells. In
fact, oxidant production was correlated inversely with the
amount of T, expression of apyrase (CD39), the key
enzyme that transforms adenosine-5'-triphosphate (ATP) in
adenosine, the latter metabolite playing an inhibitory role on
oxidant production [20]. The addition of apyrase to poly-
morphonuclear cells in vitro reduced oxidants by 40%, while
adenosine analogues (2'-chloroadenosine and 5'-N-ethylcar-
boxamidoadenosine) produced minor effects. Finally, antag-
onizing ATP efflux with carbenoxolone, or blocking ATP
effects with Brilliant Blue G, KN62 and A437089, reduced
ROS generation in a comparable manner to apyrase [20].

Indirect evidence for oxidant activity in vivo comes from
the observation that in MCN patients a significant part of
serum albumin is oxidized, concomitant with proteinuria.
Albumin has only recently been recognized as the major
anti-oxidant in serum, a physiological function that
evolved over years and that confers a crucial role to this
protein during infectious episodes in humans [21].
Musante et al. [22] characterized serum albumin in chil-
dren with MCN by mean of mass spectrometry, and
showed chemical modifications of the unique free **Cys of
the protein sequence to a sulphonic group (SOs;H) that is
the end product of its oxidation, and therefore represents a
surrogate biomarker of an oxidative stress [22,23].

Animal models of nephrosis also support a role of oxi-
dants. Minimal renal lesions evolving to glomerulosclerosis
are, in fact, produced in rats by infusion of compounds

Table 1. An overview on data of the literature focusing levels of major cytokines in patients with MCN.

TNF-a IL-2 1IL-1B IL-4 IL-6 1L-8 IL-10 1IL-12 IL-13 IEN-y  Ref.
Surany et al. 1993 serum + serum — serum — -
Garin et al. 1994 Cell mRNA +
serum +
Bustos et al. 1994 cells + -
Neuhaus et al. 1995 serum —PBMC + PBMC = PBMC - PBMC —
Matsumoto et al. 1999 PBMC +MCN,
IgA
Cho et al. 1999 PBMC +
Araya et al. 2009 PBMC + T cell - PBMC + PBMC + T cell - mRNA - PBMC - PBMC -

IL = interleukin; IFN = interferon; TNF = tumour necrosis factor; PBMC = peripheral blood mononuclear cells; MCN = minimal change

nephrosis; IgA = immunoglobulin A.
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such as puromycin aminonucleoside (PAN) and adriamy-
cin (ADR) that can be classified as oxidants [24,25].
Metabolic studies and protection by anti-oxidants support
an entirely oxidative stress in these models.

B cells and adaptive immunity

The implication of adaptive immunity and of B cells is sug-
gested by results in animal models and in humans.
Although B cells have never been characterized in MCN,
the suggestion of their implication derives from studies on
the successful use of anti-CD20 monoclonal antibodies, i.e.
rituximab, in patients with MCN [26-28]. However, the
therapeutic effect of rituximab has not been explained
univocal because, as well as with the CD20 receptor, rituxu-
mab interacts with sphingomyelin phosphodiesterase acid-
like 3b protein (SMPDL) [29] that represents a potential
second receptor for the drug. It is interesting that as well as
B cells, SMPDL is expressed by T helper type 17 (Th17)
[30] and by podocytes. Fornoni et al. [31]. demonstrated
the binding of rituximab with SMPDL in the raft of podo-
cytes, where it co-localizes partially with synaptopodin and
prevents actin remodelling induced by serum of patients
with focal and segmental glomerular sclerosis; this effect
furnishes an alternative explanation for the activity of rit-
uximab in nephrotic patients. Conversely, the interaction
of rituximab with Th17 cells may also have direct patho-
genic implications, as their activation is considered a key
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Fig. 1. An overview of cells involved in an
inflammatory event. Monocytes and
polymorphonuclear cells produce oxidants (02")
in response to an external inflammatory trigger
(bacteria, virus, etc.) as a first defence.
Adenosine-5'-triphosphate (ATP) deriving from
necrosis of these cells activates professional
antigen-presenting cells that interact with both
CD4" effectors and CD4"CD25 " forkhead box
protein 3 (FoxP3) regulatory cells. Both cell
lineages (i.e. CD4 ™ effector and regulatory cells)
derive from activation of CD4™ thymocytes upon
T cell receptor interaction with major
histocompatibility complex (MHC) class II that
process proteins deriving from the inflammatory
trigger to produce specific cells counterbalancing
pathogen effects. The balance between CD4™ and
CD47CD25%FoxP3 regulatory cells drive
evolution of the inflammatory event. If regulatory

ATP is transformed in adenosine that exerts an
anti-inflammatory effect. Interleukin 10 (IL-10)
also plays an anti-inflammatory role. If CD4™"
effectors prevail over T, other inflammatory
cells and cytokines expand the inflammatory
process. Mechanisms driving the equilibrium
between CD4" and CD4"CD25" FoxP3 regulatory
cells are shown in Fig. 2.

element in the pathogenesis of nephrotic syndrome. Other
studies demonstrated that rituximab reduces the Th17 cell
response in rheumatoid arthritis [32-36], providing the
theoretical basis for its clinical use extension to small vessel
vasculitis [37]. Overall, the findings above furnish some
evidence for a logical connection between rituximab, Th17,
SMPDL and nephrotic syndrome that contributes to
understanding of the disease mechanisms.

In general, the role of adaptive immunity is supported
by findings in animal models of MCN (LPS nephropathy)
relative to CD80, a co-stimulatory molecule expressed by
antigen-presenting cells and by B cells, that is part of the
so-called ‘immunologic synapse’ regulating a balance
between immunology activation and its block [38,39]. In
fact, CD80 interacts with CD28 on CD4™ cells, mediating
their activation into effector cells, and with cytotoxic T
lymphocyte antigen 4 (CTLA-4) on T, mediating the
block of maturation towards a T effector (T.g) phenotype
with concomitant direct inhibition of the loop ending with
antigen presentation [40,41] (see scheme in Fig. 2). Lipo-
polysaccharide (LPS) is the mediator of bacterial infection;
its infusion in mice is followed by transient proteinuria
[42] and induces progressive changes in glomerular archi-
tecture that evolve over weeks to glomerulosclerosis, and in
some way mimic the natural history of patients with MCN.
The pathogenic cascade activated by LPS directly involves
CD80 (B7-1), as shown clearly by Reiser et al. [42] in engi-
neered mice lacking CD80 that are protected from LPS
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Fig. 2. Mechanisms regulating CD4" and
CD4*CD25 " forkhead box protein 3 (FoxP3)
balance. An antigen-presenting cell (APC) cell
interacts with both CD4 " and CD4"CD25 *FoxP3
by means of the same ligands, i.e. the T cell
receptor (TCR)/CD4/CD3 that interacts with the
major histocompatibility complex (MHC) II
complex and CD80/86 and CD40. The former
molecules, i.e. TCR/CD4/CD3, are present on both
CD4" and CD4"CD25 " FoxP3 and does not
represent a regulatory mechanism; this route
activates the Signal 1 pathway. At variance, CD80/
86 interact with CD4 " CD25 " FoxP3 cells: in the
former case, i.e. CD4 ", CD80/86 interacts with
CD28 and constitutes a positive stimulus for CD4™"
expansion (in black), whereas it interacts
preferentially with cytotoxic T lymphocyte antigen
4 (CTLA-4) in CD4*CD25 " FoxP3 and represents
an inhibitory mechanism (in purple). Actually,
regulatory CD4 " CD25 " FoxP3 cells contain both
CD28 and CTLA-4 in a ratio of 1 : 2 that implies
that negative regulatory mechanisms prevail in
these cells and block the Signal 2 pathway that is
necessary for activating CD4 " effector cells. CD40—
CDA40L has the same expression in both cell
lineages and does not represent a regulatory
mechanism.

proteinuria [42], thus suggesting that this molecule is the
mediator of LPS renal toxicity.

CD40 is another co-stimulatory molecule involved in
adaptive immunity. High serum levels of anti-CD40 anti-
bodies have been reported recently in association with the
recurrence of proteinuria in more severe forms of MCN
that have developed focal segmental glomerulosclerosis
[43]. In fact, focal segmental glomerulosclerosis is consid-
ered the evolutionary step of MCN, as clinical and patho-
logical observations suggest [44]. CD40 belongs to the TNF
gene superfamily, expressed preferentially on B lympho-
cytes, monocytes/macrophages and dendritic cells, and is
involved in the adaptive immune response [45]. Binding of
CD40 to CD40 ligand expressed on T lymphocytes and
platelets triggers an inflammatory process with relevant
consequences [46]. Epitope mapping has suggested altered
immunogenicity of CD40 in patients with glomerulosclero-
sis, and anti-CD40 antibodies may help to identify patients
at high risk of post-transplant outcome [43]. Understand-
ing of the significance of anti-CD40 antibodies is crucial to
understanding the mechanism(s) of proteinuria; one possi-
bility is that saturation of CD40 on antigen-presenting cells
would produce an excess of circulating levels of the shed
form of CD40 ligand (sCD40L) free to interact with CD40
in podocytes (Doublier, manuscript in preparation). Alto-
gether, the findings on CD80 and CD40 reflect an overall
inflammatory state that would involve both professional
antigen-presenting cells and, potentially, podocytes deter-
mining what mimics MCN in early and late phases. There
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is strong interest in considering both molecules as potential
therapeutic targets [47,48].

The podocyte is an antigen-presenting cell

During stress conditions, podocytes, the key functional
cells in glomeruli, express Toll-like receptor (TLR-4), CD80
and CD40 that are the functional markers of a cell devoted
to present antigens. Thus, podocytes may be the target of
those stimuli that are described in the section above relative
to the adaptive processes that characterize the starting
phase of immunity. The role of CD80 is crucial, as results
from CD80 knock-out mice have highlighted [42]. The
basic finding supporting a direct implication of podocytes
in LPS nephrosis derives from severe combined immuno-
deficient (SCID) mice missing both T and B cells that
develop proteinuria, implying that in the absence of profes-
sional antigen-presenting cells, TLR-4 and CD80 in podo-
cytes are possible effectors of proteinuria [42]. Findings in
humans support podocyte CD80 implication in MCN: (1)
urinary levels of CD80 deriving from podocytes are
increased in MCN patients during the active phase of the
disease [49]; and (2) abatacept, a fusion CTLA-4-Ig mole-
cule that inhibits CD80, is utilized in human settings to
reduce proteinuria in some patients with post-transplant
recurrence of focal segmental glomerulosclerosis that is
considered an advance state of MCN [48,50]. The expres-
sion of podocyte CD80 in renal biopsies of patients is the
biomarker for abatacept sensitivity. Overall, these observa-
tions suggest that podocytes, probably other antigen-
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presenting cells, are activated by immunological stimuli
and may produce functional consequences linked directly
to proteinuria (see scheme in Fig. 3).

Tregs and MCN

Tiegs could be involved in MCN as second step in a cascade
where the first hit is an acute event involving innate immu-
nity. Data deriving from studies in animal models and in
humans support a mechanism in which the modification
of Tiegs plays a successive regulatory effect.

Human MCN

Studies by Bertelli et al [20] showed that T (CD39"
CD4%CD25™) are reduced in number in patients with active
MCN. As already reported, the decrease in Tieg and con-
comitant low apyrase (CD39) expression has been associated
with oxidants. With the exception of this unique observa-
tion, no other study has attempted the analysis of T,
expression in nephrotic syndrome. There are, however, a few
clinical reports in patients with the immunodeficiency,
polyendocrinopathy, enteropathy syndrome (IPEX) who
presented an associated MCN [19,51]. Because IPEX is an
X-linked disease due to the mutation of FOXP3, this associa-
tion supports a direct cause—effect correlation between Tieg
and MCN. Of particular interest is the description of a child
with missense mutations of forkhead box protein 3 (FoxP3)
who developed a mild form of IPEX syndrome associated
with MCN [19]. Oxidant production in this child was 100
times higher during exacerbation of clinical symptoms and
restored to a near-normal level in remission. Nephrotic syn-
drome resolved in this patient after bone marrow transplan-

Animal models

Tieg involvement has been studied in experimental models
of nephrosis. Le Berre et al. [52] utilized Buffalo/Mna rats
that develop glomerulosclerosis spontaneously, showing
that pre- and post-transplant proteinuria was reduced by
infusion of T, regression of the nephropathy was also
obtained. Other authors reported the same protective role
of Tyegs in adriamycin nephrosis, in which case Tyg, were
modulated by adenosine or by direct infusion of FoxP3-
transduced T cells [53]. More recently, some unexpected
results have been obtained by utilizing IL-2 in LPS
nephropathy [54]. In this model, IL-2 has been utilized to
enhance T, proliferation and life span. To escape from the
bystander effects of this cytokine due to its wide-ranging
action, the association of IL-2 and anti-IL-2 antibodies was
utilized and compared to IL-2 alone as a stratagem to
improve in-vivo selectivity towards the T, population
[55,56]. In fact, when utilized alone, IL-2 binds the three «,
B and vy chain receptors that are present on several cell line-
ages (i.e. CD8, NK, T,c,,), whereas the vy chain receptor is
expressed uniquely by activated CD4" (T.) and Tregs:
Anti-IL-2 bind selectively e and B chain receptors that are
saturated in their presence, allowing more IL-2 to be avail-
able for -y chain and free to up-regulate T,eg. The adminis-
tration of low doses of IL-2 coupled to this specific
antibody indeed proved to induce high levels of T4, being
ineffective on CD8 and NK. Polhill et al. [57] induced Ticq
expansion by IL-2/IL-2 antibodies in rats with adriamycin
nephrosis and documented improvement of renal function,
reduced inflammation and less pathological injury. More
articulated are the results of the study by Bertelli et al. [54],
who utilized the same approach with IL-2/IL-2 antibodies
in mice with LPS nephropathy. In fact, IL-2/IL-2 antibody

tation that normalized T,., composition.
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(Tregs) reduce the oxidative impact by
o SCDA0L
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metabolizing adenosine-5'-triphosphate (ATP) to
adenosine. Under inflammatory stimuli,
podocytes express both Toll-like receptor (TLR)-4
and CD80 and become a part of the initial
immune response. Podocytes also express CD40
constitutively, whose stimulation by soluble
(s)CD40L induces the redistribution and loss of
nephrin and increases albumin permeability in
isolated rat glomeruli.
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administration in mice exposed to LPS had no effect on the
progression of the resulting renal damage, while enhancing
significantly peripheral and tissutal T, levels, whereas IL-2
infused alone elicited some protection despite fewer Tieg,.
Therefore, there is a dichotomy between T, levels (higher
after IL-2/anti-IL-2 administration) and renal protection
(most evident in mice treated with IL-2 alone), these results
partially contradicting a direct role of T,y and supporting
hitherto undefined mechanisms. Evolution in the biology
Of Tegs are now showing a complex arrow of functions that
directly target immunity control and that include pheno-
typically distinct T,g lines [58-60]. The precise characteri-
zation of different T,., phenotypes in patients with MCN is
mandatory to gain information on their role in MCN; clin-
ical research into this is needed in the near future.

Tregs in the middle of innate and adaptive immunity

Tiegs may play a role in MCN based on their plasticity and
multi-functional effects [61]. Basically, these cells are con-
nected to innate immunity by means of CD80 and may, in
turn, modulate the levels of pro- and anti-inflammatory
compounds. They are, in fact, active in the midst of innate
and adaptive immunity and act as a bi-functional modifier
during the entire process. Tyegs are a dynamic cell popula-
tion whose levels can be modified rapidly and made active,
with alternative functions, in any inflammatory context
[62]. At equilibrium, T,.; concentration in the periphery is
low, but when necessary they are produced from non-
activated CD4" cells and, in general, follow the same
course of all T cells deriving from CD4*CD8" thymocytes
upon reaction with professional presenting cells; in this
case CD4 ™" are expanded in response to a peptide presented
by the class II major histocompatibility complex. Starting
from CD4%, as well as co-stimulatory molecules, T, gen-
eration requires transforming growth factor (TGF)-B and
IL-2; as an alternative evolution the same CD4™" may also
differentiate into activated T. CD4" CD25™ cytotoxic cells
in the presence of IL-7 and induction of IL-7R (CD127).
Active Tiegs are able to counteract the inflammatory burst
by means of anti-inflammatory cytokines (IL-10) and/or
by adenosine deriving from the ATP metabolism (see
below); nevertheless, as FoxP3 expression is not stable in
induced Tiegs (iTegs), they can easily revert to an effector
lineage in the presence of an inflammatory contest [63].
There is evidence that upon continuous exposure to IL-2
iTyegs convert into Thl-like cells, expressing IFN-y, whereas
IL-6 in association with TGF-f3 promotes their differentia-
tion in Th1l7 cells that exert a powerful inflammatory
response by the production of IL-17A and recruitment of
polymorphonuclear cells (PMN) (scheme in Fig. 1) There-
fore, there are at least three cell subsets (i.e. Tiee/ Tes/ Th17),
all deriving from the same progenitor, that play antagonist
effects and determine the narrow limit between inflamma-
tion and normal status: when the ratio between Teg/ Tyegs OF

Regulatory T cells and minimal change nephropathy

Th17/T,eqs is high the signal is to maintain inflammation
and, vice versa, when Tg are higher than T and Th17,
inflammation is switched off [64]. Co-stimulatory mole-
cules, CD80 and CD86 (B7-2) play a key role in this bal-
ance by interacting with CD28 that is expressed on both
Ter and T,e and with CTLA-4, a second ligand up-
regulated in Ty [65]. By interacting with CD28, CD80
and CD86 ligands activate the Signal 2 pathway and induce
proliferation of T.g and alternatively, by interacting with
CTLA-4 they reduce T and block Signal 2 while allowing
Tieg induction via CD25 and IL-2. The presence of two
receptors with opposite functions on T, i.e. CD28 and
CTLA-4, is suggestive of a feedback regulation in which
these cells are first switched on by CD28 ligation and in a
subsequent step switched off due to the over-expression of
CTLA-4; this latter is in fact able to compete with CD28,
owing to this 100-fold higher affinity for ligands, and may
also suppress their expression by transendocytosis [66].

ATP is another regulatory molecule connected with T,
and represents a crucial element between innate immunity
and its regulation. It is considered a ‘danger sensor),
depending on its extracellular concentration, that varies
from a nanomolar to a micromolar range [67,68]. Two
main mechanisms modify ATP levels and drive the cell
response. The first mechanism is based on the simultane-
ous presence of CD39 and CD73 on the surface of Teg
that, together, produce the potent immunosuppressor
adenosine from ATP. As CD39 and CD73 are simultane-
ously highly expressed on T, it is clear that these cells
have the power to blunt inflammation. Purinergic receptors
P2X and P2Y located on the surface of immune cells repre-
sent the second mechanism for the ATP regulatory func-
tions. At low ATP concentrations P2X7R promotes
dendritic cell maturation and IL-10 secretion, thus enhanc-
ing immune suppression [67,68]; at micromolar concentra-
tions, P2X7R promotes the inflammatory cascade driven
by the NLPR3, thus leading to IL-1- secretion.

Conclusions

The pathogenesis of MCN is now considered multi-
factorial. Several experimental results and data from
human MCN suggest a start, based on innate immunity
with activation of CD80 by professional cells (B cells/
TLRs). CD40 and anti-CD40 molecules could also be
involved. Oxidants are up-regulated in the first phase, and
may represent a trigger of pathology if not blunted
adequately. The second step is based on alternative evolu-
tions. One possibility is the prevalence of an inflammatory
pathway based on the activation, respectively, of T. by
IL-7 and IL-2 and of Th17 by IL-6 and TGF-f, that pro-
duce podocyte lesions. The second possibility is T,eg expan-
sion that blunts oxidation by reducing ATP levels and
increasing adenosine. While CD80 is pre-eminent as the
regulatory system in the first phase, Tyeg, and ATP drive the
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anti-inflammatory phase. Multi-point regulation of a cru-
cial event such as inflammation represents a system for
ensuring that only motivated triggers turn on the cascade.
The failure or reduction of regulatory steps may justify
pathology and constitute a basic motif for a transient con-
dition such as proteinuria. Characterizing single cells in
each phase of MCN and in relation to therapies is a chal-
lenge, and we now have adequate tools for clarifying all sin-
gle aspects. The route from bench to bedside would be
shorter if results from animal models were confirmed in
human pathology. Expansion of T, with IL-2 and new
anti-CD20 monoclonal antibodies (ofatumumab) are the
beginning. Blockage of antigen-presenting cells with
CTLA-4-Ig fusion molecules inhibiting CD80 and/or with
blockers of CD40-CD40 ligand interaction represents a
potential evolution. Considering new molecules and anti-
bodies on the basis of results from studies of the mecha-
nism is an option to be evaluated.
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