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Introduction

Primary idiopathic nephrotic syndrome (iNS) is a frequent
source of morbidity in children. It requires long-term thera-
pies with steroids and often combinations of drugs associ-
ated with side effects. In a minority of cases, mutations in
podocyte genes [1-4] explain proteinuria. Pathogenesis,
however, is unknown for the major group of patients who do
not present molecular defects, in which case a general
problem has been proposed linked to T cell immunity [4-8].

Multiple independent observations point to the involve-
ment of free radicals of oxygen (ROS) in proteinuria
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Summary

Activation of the oxidative burst and failure of CD4"CD25" cell regulation
have been implicated in idiopathic nephrotic syndrome (iNS). The intimate
mechanism is, however, unknown and requires specifically focused studies. We
investigated reactive oxygen species (ROS) generation [di-chlorofluorescein-
diacetate (DCFDA)] fluorescence assay and the regulatory adenosine
5'-triphosphate (ATP) pathways in the blood of 41 children with iNS, utilizing
several agonists and antagonists of nucleotide/nucleoside receptors, including
the addition of soluble apyrase. The CD4*CD25*CD39*/CD73" expression was
determined in vivo in parallel during disease activity. Overall, we found that the
percentage of CD39*CD4'CD25* was reduced markedly in iNS by 80%
(3-43 = 0-04% versus 13-14 % 0-07% of total lymphocytes, P < 0-001). In these
patients, reactive oxygen species (ROS) generation by polymorphonuclear
neutrophils (PMN) at rest was a function of apyrase (CD39) expressed by
CD4*CD25% with higher rates in patients with very low CD39*CD4*CD25*
levels (< 7-5%). Addition of apyrase reduced ROS generation by 40% in both
iNS and controls and was mainly effective in patients. The quota of ROS
surviving ATP elimination was higher still in iNS. In vitro studies to limit
ROS generation with adenosine analogues (2’'-chloroadenosine and 5’-N-
ethylcarboxamidoadenosine) produced minor effects. At variance, antagoniz-
ing ATP efflux with carbenoxolone or by antagonizing ATP effects (Brilliant
Blue G, KN62 and A437089) reduced ROS generation comparable to apyrase.
These results confirm a key role of ATP in the regulation of innate immunity
and minimize the effect of adenosine. Decreased CD39*CD4*CD25* expression
in iNS highlights an impairment of ATP degradation in this pathology.
However, high ROS surviving ATP consumption implies a major role of other
regulatory pathways.

Keywords: adenosine, ATP regulatory pathway, free radicals, innate immunity,
nephrotic syndrome, oxidation burst, proteinuria

deriving from an altered regulation by regulatory T cells
(Tis) of polymorphonuclear neutrophil (PMN) burst.
In fact, ROS production by PMN in children with iNS
is increased 10-fold and correlates with proteinuria [9].
Secondly, there is evidence that plasma proteins are mas-
sively oxidized in iNS, representing a hidden abnormal
ROS activity in plasma [10-12]. Thirdly, it is well known
that oxidants are toxic for the kidney in humans and in
animals, and when oxidant production overcomes the
intra- and extracellular defences, renal damage is gener-
ated [13,14]. Infusion of oxidants in animals produces a
unique alteration, a disease that mimics focal segmental
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glomerulosclerosis, the most serious variant of iNS in
children [15-21].

In general, anomalies of ROS production derive from
leucocytes activated by immunological triggers (i.e. comple-
ment, immune complexes or ANCA) [22,23], but may also
occur in the presence of mitochondrial defects or of an
inherited defect of co-enzyme Q synthesis [24].

There is now increasing evidence that the nucleotide/
nucleoside pathway regulates the immune system as a highly
co-ordinated network in which adenosine deriving from
adenosine 5’-triphosphate (ATP) degradation by ectoen-
zymes present on several blood cells functions as a repressor,
while ATP is a prostimulatory molecule that promotes ROS
production [25,26]. This pathway regulates ROS production
mainly by neutrophils and represents [27], in terms of rapid-
ity, the first immune response against pathogens. Purine
nucleosides and nucleotides are released mainly from
injured cells and modulate their extracellular action by spe-
cific receptors, among which P2X7 plays a major role. P2X7R
is expressed in mammalian immune cells and epithelia with
immunomodulatory function [28-30]. In this paper we
address the main question of ROS regulation by the
nucleotide/nucleoside pathway in patients with iNS by deter-
mining the deputed enzyme equipment and its functionality
in vivo and then trying to modify their response by specific
activator/inhibitors in vitro.

Materials and methods

Patients

Overall, 41 children with iNS were enrolled into this study
(Table 1). Control blood samples were obtained from the
Gaslini staff (22—45 years) and from children with hyper-
calciuria (2-16 years) who were followed at our depart-
ment. Patients with iNS showed no familiarity or presented
relevant mutations of slit-diaphragm genes (NPHS2,
CD2AP2, WT1I). Blood samples from children with iNS for
ROS determination were collected and analysed repeatedly
during different phases of the disease, i.e. recurrence and

remission or partial remission of proteinuria. Criteria for
the definition of nephrotic syndrome, renal histology and
response to therapies utilized for clinical purposes have
been detailed in a previous companion paper [31].
Informed consent to the study was obtained by parents’
prior consent.

Cell sorting and fractionation

Peripheral whole blood was obtained in the morning after
an overnight fast. After collection in heparinized tubes,
blood was fractionated for purifying PMNs and monucle-
ated cells, as described previously [31]. For PMN:s, the fol-
lowing procedures were utilized: (i) initial sedimentation
with dextran solution (Plander 70 000; 30 g/500 ml) for
45 min at room temperature; (ii) centrifugation in Ficoll-
Histopaque 1077a at 290 g for 30 min at room temperature.
PMNs were collected in the pellet and contaminating red
blood cells were lysed in hypotonic solution (PMN
purity = 95%, as assessed by CD15 monoclonal antibody);
(iii) monucleated cells (lymphocytes and monocytes) were
collected at the interfaces of Ficoll and washed with Hank’s
balanced salt solution (HBSS); cells were then resuspended
at a concentration of 10° cells/ml for di-chlorofluorescein-
diacetate (DCFDA) fluorescence assay (Molecular Probes,
Eugene, OR, USA).

Highly purified (>90%) CD4" CD25" lymphocytes
(Tyg cells) were obtained using CD4" CD25" Regulatory
T Cells Isolation Kit (Miltenyi Biotec, Bergisch Gladbach,
Germany), used according to the manufacturer’s instruc-
tions. Briefly, after density gradient separation of mono-
nuclear cells from peripheral blood, CD4" T cells were first
purified by negative selection and subsequently fractionated
into CD25™ and CD25" by positive selection, using a leuco-
cyte depletion (LD) column. To assess purity, cytofluorimet-
ric staining with anti-CD4 fluorescein isothiocyanate (FITC)
and anti-CD25 phycoerythrin (PE)-conjugated monoclonal
antibodies (BD Pharmingen, San Diego, CA, USA) and
fluorescence activated cell sorter (FACS) analysis were
performed.

Table 1. Clinical data relative to patient categories involved in the study. Renal function was graduated according to creatinine levels as 1 (serum

creatinine < 1 mg%), 2 (serum creatinine between 1 and 2 mg%), 3 (serum creatinine > 2 mg%). Activity (+) indicates the presence of an increased

proteinuria (Pu/Cu > 1).

Sex Age Age at onset U prot  Renal function Therapy
Patients n (male/female)  (years) (years) (yes/no) (1/2/3) Serum C3  Autoantibodies  (St/Csa/ACEi/other)
FSGS 5 5/0 9 6 5/0 2/2/1 Normal No 8/12/15/0
IgM 2 1/1 6 3 2/0 2/0/0 Normal No 2/3/3/0
MCN 8 7/1 10 2 5/3 8/0/0 Normal No 1/0/0/0
No biopsy 26 17/9 8 6 14/12 26/0/0 Normal No 16/2/10/0
Total 41 30/11 6 3 30/11 38/2/1

10-15 2-7

ACEIi: angiotensin converting enzyme inhibitors; FSGS: focal segmental glomerulosclerosis; IgM: mesangial proliferation with immunoglobulin

(Ig)M deposition; ANCA: anti-neutrophil antibodies; MGN: membranous glomerulonephritis; MPGN: membrano-proliferative glomerulonephritis;

St: steroids; csa: cyclosporine.
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ROS production

ROS generation was determined by the DCFDA assay, as
described previously [31]. Intracellular fluorescence (excita-
tion 492 nm, emission 527 nm) was measured using a
Becton Dickinson FACSCalibur instrument (Franklin Lakes,
NJ, USA) equipped with CellQuest software. Results are
given as mean fluorescence intensity (MFI).

CD39/CD73 expression studies

To compare ectoenzyme surface expression by regulatory
(CD4*CD25") and effector (CD15") cells, aliquots of 5 x 10°
freshly isolated cells from normal donors and iNS patients
were resuspended in 200 pl phosphate-buffered saline (PBS)
without Ca** and Mg"™, supplemented with 2 mM ethylene-
diamine tetraacetic acid (EDTA) and 0-5% human serum,
and stained with anti-CD39 FITC and anti-CD73
PE-conjugated monoclonal antibodies (BD Pharmingen,
San Diego, CA, USA) for 30 min at 4°C. The percentage of
CD4*CD25*CD39*/CD4"CD25"CD73" and CD39'CD15%/
CD73*CD15" cells were determined by FACS analysis.

ATP inhibition experiments

To evaluate the role of the ATP/adenosine pathway, ROS
generation by PMN (CD15" cells) was determined at rest and
after incubation with adenosine receptor agonists, ATP
antagonists and apyrase as follows: (i) the two adenosine
analogues, 2’-chloroadenosine (which acts selectively at Al
receptors) and 5’-N-ethylcarboxamidoadenosine (which acts
equally at A1 and A2 receptors); both substances were utilized
at a concentration of 100 uM; (ii) three specific antagonists
of P2X7 ATP receptors, i.e. Brilliant Blue G (1 uM),
KN62 (10 uM) and A437089 (10 uM); (iii) the inhibitor of
connexin hemichannels and gap junctions, carbenoxolone
(50 uM), which is involved in ATP release from cells; (iv)
a generic inhibitor of P2 receptors, i.e. PPADS (4-[[4-
formyl-5-hydroxy-6-methyl-3- [ (phosphonooxy)methyl]-2-

pyridinyl]azo]-1,3-benzenedisulphonic acid) at a concentra-
tion of 100 uM; and finally with (v) soluble apyrase (CD39) at
a concentration of 10 U/ml. All these reagents were from
Sigma-Aldrich (St Louis, MO, USA). In some circumstances
soluble apyrase was added together with ATP receptors or gap
junction inhibitors, to examine a potential synergistic effect.
In all cases, agonists and inhibitors were added to PMN in the
reaction mixture 20 min at 37°C before ROS evaluation with
the DCFDA assay.

Determination of ATP levels

The ability of apyrase to hydrolyse ATP released from PMN
after 15 min and 45 min at 37°C of incubation was assessed
with the adenosine 5’-triphosphate bioluminescent assay kit

© 2011 The Authors
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(Sigma-Aldrich) [32], according to the manufacturer’s
instructions. ATP concentrations were calculated using a
standard calibration curve. Determinations were made in
triplicate for each sample tested.

Statistical analysis

The one-way analysis of variance was used for comparison of
ROS levels in various conditions and during in vitro
experiments. Results were give as mean * standard error of
the mean (s.e.m.).

Results

CD39/CD73 expression by lymphocytes

Positivity for CD39 and CD73 identifies those blood cells
expressing two ectoenzymes that transform ATP into
adenosine. The former, i.e. apyrase (CD39), transforms ATP
into ADP and AMP; the other, i.e. ecto-5-nucleotidase
(CD73), transforms AMP into adenosine [33-35]. Dif-
ferential expression of CD39 and CD25 can be used to
identify three cell categories among CD4" cells [36-38]:
(i) CD39*CD4*CD25", corresponding to a T, subset; (ii)
CD39°CD4'CD25%, denoting a population with Th17
potential; and (iii) CD39*CD4*CD25", that have a memory
phenotype and may represent proinflammatory cells. In
humans, CD73 seems not to be co-expressed with CD39 in
regulatory subsets.

In iNS the percentage of total lymphocytes of CD4*CD25*
was decreased by 50% (14-1 *£ 0-07 versus 23-9 * 0-11,
P <0-005) (Fig.1a). In parallel, the percentage of CD4*
CD25" expressing CD39 was decreased by another 50% in
iNS compared to normal blood, giving an overall percentage
of CD39"CD4*CD25" reduced by 80% (3-43 = 0-04% versus
13-14 = 0-07%, P <0-001) (Fig. 1b). Conversely, the per-
centage of CD4*CD25" expressing CD73 was doubled in iNS
compared to normal blood, giving a comparable overall
amount of lymphocytes expressing CD73 (1-51 * 0-01%
versus 1:62 * 0-01%) (Fig. 1c). Finally, the percentage of
neutrophils (CD15%) expressing CD39 was not modified in
iNS (Fig. S1).

ROS generation as a function of CD39/CD73

ROS generation was first evaluated in resting PMNs
(overall, 41 nephrotic patients and 30 normal controls) uti-
lizing the DCFDA fluorescence assay [39]. In 27 cases for
which CD39*CD4"CD25" had been tested previously, we
determined ROS before and after apyrase addition in vitro.
The results shown in Fig.2a,b demonstrate that ROS
generation by PMN at rest was a function of the amount
of CD39 expressed by CD4'CD25" in patients with iNS. If
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Fig. 1. Expression of apyrase (CD39) and ecto-5"-nucleotidase
(CD73) by CD4" CD25" lymphocytes. Expression of CD39 and

CD73 by circulating lymphocytes were evaluated in 12 children with
active nephrotic syndrome [three/one with focal segmental
glomerulosclerosis (FSGS), one with minimal change nephrosis
(MCN), eight without pathology definition] and in 13 normal
subjects. The following parameters were evaluated: (a) CD4*CD25 as
percentage of total lymphocytes. (b) CD39" as percentage of
CD4"CD25" cell fraction. (c) CD73" as percentage of CD4"CD25" cell
fraction. The percentage of CD4*CD25" lymphocytes was reduced in
idiopathic nephrotic syndrome (iNS) by 50% (14-1 % 0-07% versus
23:9 = 0-11%); the percentage of CD4*CD25" co-expressing CD39
was still reduced in iNS, giving an overall final concentration of
CD4"CD25"CD39" reduced by 80% (3-43 = 0-04% versus

13-14 £ 0:07%, P < 0-001). **P < 0-005; *P < 0-05.
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patients with a particularly low CD39'CD4'CD25" level
(<7:5%) (Fig.2b) are considered, ROS generation at rest
was higher than the companion patients with higher
CD39'CD4*CD25" (>7-5%), and the decrement was
greater after addition of apyrase (Fig.2b). In fact, when
PMNs were co-incubated with apyrase in an amount suf-
ficient to metabolize all the ATP of the medium (Table 2),
ROS generation was reduced by 30-40%. This means that
ATP levels play a key regulatory effect, but also suggests
that ROS generation is regulated by other pathways besides
apyrase. Finally, activity of the disease as defined by the
presence of proteinuria had no influence (Fig. S2a,b). In
normal blood cells, ROS generation was random (Fig. 2c)
with respect to CD39"CD4*CD25" and was comparably
reduced with the addition of apyrase (Fig. 2d).

Considering all cases, ROS generation was not influenced
by CD73*CD4"CD25" (Fig. S3).

Overall, the results from this set of experiments demon-
strated that CD39*CD4*'CD25" plays a regulatory role in
ROS generation by effector cells and that this system is altered
in iNS. This defect is specific for apyrase and does not
involve ecto-5"-nucleotidase. Based on these results, further
experiments were performed in order to define which
nucleotide/nucleoside receptors are activated by extracellular
apyrase-degraded ATP.

Inhibition of ROS generation by adenosine agonists

In the first approach, we utilized two adenosine analogues,
i.e. 2’-chloroadenosine (which acts selectively at Al recep-
tors) and 5’-N-ethylcarboxamidoadenosine (which acts
equally at Al and A2 receptors) to define a direct inhibitory
effect on ROS generation [40,41]. The results shown in
Fig. 3a,b clearly show a lack of any relevant effect of these
two molecules.

Inhibition of ROS generation by ATP antagonists

Experiments for antagonizing ATP were performed utilizing
compounds with different effects: (i) a generic inhibitor of
P2 receptors, i.e. PPADS; (ii) three specific antagonists of
ATP P2X7R, i.e. Brilliant Blue G [42,43], KN62 [44] and
A437089 [45]; and (iii) the inhibitor of panxl, carbenox-
olone, which is involved in ATP release from cells [46]. The
effects on ROS generation produced by these compounds in
iNs were comparable, although less evident than apyrase
(Fig. 4a,b), with the exception of Brilliant Blue G. With
normal PMN, all ATP active compounds produced the same
effect of apyrase.

In some circumstances, soluble apyrase was added
together with ATP antagonists in order to verify a potential
synergistic effect. As shown in Fig. 5a,b, the combination of
apyrase with Brilliant Blue G and carbenoxolone produced
only minor additive effects.

© 2011 The Authors
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Fig. 2. Reactive oxygen species (ROS) production by polymorphonuclear neutrophils (PMN) as a function of CD4*CD25"CD39". ROS production
in 27 children with active nephrotic syndrome. All patients presented proteinuria at the time of the analysis (proteinuria >7 g/24 hin 11, 1-5 g/24 h
in 5, 0-5-1/g 24 h in 11). Only nine had a pathology diagnosis [focal segmental glomerulosclerosis (FSGS) four cases, minimal change nephrosis
(MCN) four cases, immunoglobulin (Ig)M one]. (a) ROS production as a function of CD4*CD25"CD39" in children with idiopathic nephrotic
syndrome (iNS) (open squares) and effects of exogenous apyrase (closed circles); (b) ROS production in iNS patients with different percentage of
CD4*CD25*CD39"cells and modification produced by the addition of apyrase in vitro; (c) ROS production as a function of CD4*CD25"CD39" in
normal subjects (open squares) and effects of exogenous apyrase (closed circles); (d) ROS production in normal subjects with different percentage
of CD4*CD25"CD39"cells and modification produced by the addition of apyrase in vitro. **P < 0-005; *P < 0-05.

Table 2. Levels of adenosine 5’-triphosphate (ATP) released from normal and nephrotic polymorphonuclear neutrophils (PMN) in the presence and
absence of apyrase. Measurements were made using a commercial ATP bioluminescent assay kit (Sigma) (Leach, 1986 #2010); concentrations are given

as mean of four independent experiments = standard error of the mean.

ATP conc. (UM) 15" 15"+ apyrase (10 U/ml) 45’ 45+ apyrase (10 U/ml)
Normal controls 0-095 + 0-012 0-002 =+ 0-001 0-124 * 0-032 0-003 * 0-003
n=4
Nephrotic Syndrome 0-135 = 0-017 0-001 = 0-0005 0-160 = 0-035 0-002 = 0-001
n=4
Standard ATP 0-100 = 0-015 0-018 = 0-006
© 2011 The Authors 59
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Fig. 3. Reactive oxygen species (ROS) production in presence of
adenosine agonists. ROS production was determined in 26 children
with active nephrotic syndrome and in six patients in a remission
phase. Oxidative burst was determined in the presence and absence of
adenosine agonists. All patients presented proteinuria at the time of
the analysis (proteinuria >5 g/24 hin 11, 1-5g/24 h in 8, 0-5-1/g 24 h
in 13). Pathology characterization was available in 10 cases [focal
segmental glomerulosclerosis (FSGS) four cases, minimal change
nephrosis (MCN) five cases, immunoglobulin (Ig)M one case]. Failure
of two adenosine analogues, i.e. 2’-chloroadenosine (which acts
selectively at A1 receptors) and 5'-N-ethylcarboxamidoadenosine
(which acts equally at A1 and A2 receptors) to modify ROS
generation by PMN in children with idiopathic nephrotic syndrome
(iNS) (a) and in normal subjects (b). *P < 0-05.

Discussion

Oxidants produced by activated phagocytes, i.e. neutrophils
and monocytes, play a fundamental role in innate immunity.
These cells generate superoxide (O,), and its dismutation
product hydrogen peroxide (H,O,) is converted by myelop-
eroxidase into the major oxidant, hypochlorous acid. All
these metabolites are directly toxic for microorganisms in
terms of milliseconds, and they are then buffered in plasma
by physiological systems (for a review see [12,47,48].
However, living cells are also sensitive to the toxic effect of
ROS, and organ damage is generated whenever their produc-
tion overcomes intra- and extracellular defences [13,14]. It is
clear that the importance of this system is essential for sur-
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vival but requires rigid control to avoid recurrent cell
damage.

ATP, and the nucleotide pathway in general, have devel-
oped over time as the most efficient and probably safe
control of ROS production, linked to a double regulatory
network that confers rapid activation of its effectors and
their block [25,33,34,49]. ATP is, in fact, released upon cell
damage (being one of the most represented intracellular
substances) and is sensored by the purinergic ionotropic
P2X 1-7 receptors [26,27,50] that promote, on activation,
a proinflammatory response (increased ROS, perforin,
cytokins, etc.). Conversely, ATP hydrolysis by ectoenzymes
apyrase (CD39) and ecto-5"-nucleotidase (CD73) produces
adenosine, which plays an immunosuppressive effect via the
adenosine Al and A2 receptors [34,51].

Overall, ATP metabolism mediates a critical balance
between inflammatory activation and inhibition, and triggers
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Fig. 4. Reactive oxygen species (ROS) production in the presence of
adenosine 5’-triphosphate (ATP) antagonists. ROS production was
determined in 41 children (Table 1) in presence and in absence of
ATP agonists. ROS generation by polymorphonuclear neutrophils
(PMN) from nephritic patients (a) and normal donors (b). Several
antagonists of ATP were utilized to reduce ROS generation:

the list includes a generic inhibitor of P2 receptors, i.e. PPADS
(4-[[4-Formyl-5-hydroxy-6-methyl-3-[ (phosphonooxy)methyl]-2-
pyridinyl]azo]-1,3-benzenedisulphonic acid), three specific
antagonists of P2X7 ATP receptor, i.e. Brilliant Blue G [43], KN62
[44] and A437089, and finally the inhibitor of connexin
hemi-channels and gap junctions, carbenoxolone, which is involved in
ATP release from cells. Reduction of ROS generation with apyrase is
shown for comparison. ***P < 0-001; **P < 0-005; *P < 0-05.
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Fig. 5. Additive effect of adenosine 5’-triphosphate (ATP) antagonists
and apyrase on reactive oxygen species (ROS) generation by
polymorphonuclear neutrophils (PMN) in vitro. In the same cases
above (see Fig. 4a), soluble apyrase was added together with ATP
antagonists in order to verify a potential synergistic effect on ROS
production by polymorphonuclear neutrophils (PMN) obtained from
idiopathic nephrotic syndrome (iNS) children (a) and from normal
subjects (b). No additive effect was observed. The same patient cohort
of the experiment above of (Fig. 4) was here utilized.

or inhibits various immune responses, from direct killing of
microorganisms to organization of the inflammasome. This
equilibrium relies on a distinct and complex control (P2X
receptors, CD39 and CD73, adenosine A2 receptors) that
confers a type of independent lock.

In humans, the differential expression of CD39* and
CD25* on CD4* differentiates cell subsets, among which
CD39*CD4*CD25* correspond to T, while CD39CD4*
CD25* identifies a population with T helper type 17 (Th17)
activity [36-38]. Finally, CD39'CD4*CD25  is a memory
phenotype that may represent proinflammatory cells.

Some new findings in this paper address the role of the
nucleotide pathway as major determinant of ROS generation
in vivo and point to the implication of ROS regulatory cells
in iNS. The first point is related to the effective ROS quota,
which is regulated by ATP in vivo and corresponds to
30-40% of total ROS production by PMN. A second main
finding is the marked decrease of CD39*CD4"CD25" in iNS
children, correlating with the extent of ROS generation.
Moreover, when apyrase was added to the reaction in an
amount sufficient to convert all ATP of the medium in ADP/
AMP, the decrease in ROS corresponded to 40% of the origi-
nal level. In iNS the ROS generation quota after apyrase was

© 2011 The Authors
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still high (double than in normal blood), and explains the
oxidative stress observed in these patients [9,11,52].
Addition of apyrase would have produced ADP/AMP but
did not generate adenosine, as no ecto-5-nucleotidase (i.e.
CD73, required for adenosine generation) was added in
parallel. Therefore, the fall in ROS generation after apyrase
was due entirely to ATP consumption. The same conclusion
is suggested by the observation that adenosine agonists
played no effect when they were added to the medium. In
agreement with the above conclusion, we also demonstrated
that ATP-selective P2X7 antagonists (i.e. Brilliant Blue G)
[42] reduced ROS generation to the same extent as apyrase.
Overall, ATP regulates almost 50% of ROS generation in
vivo, leaving the remainder under the control of other
mechanisms that have not yet been characterized.
Therefore, these results strengthen the concept of ATP
regulatory function on innate immunity and also confirm
the key role of regulatory T CD39"CD4"CD25". The obser-
vation that these cells are lower in nephrotic patients com-
pared to normal controls may explain, to some extent, the
high ROS generation that characterizes these patients [9].
However, the high quota of ROS generation that survives
apyrase addition and the ATP block in vitro suggests that
other pathways contribute to oxidative stress in iNS.
Overall, our data indicate some basic clues in the regula-
tion of innate immunity in iNS that may be implicated in the
pathogenesis of kidney lesions. They also present some
therapeutic options utilizing specific P2X7 antagonists, such
as Brilliant Blue G, or blockers of ATP escape, such as
carbenoxolone. The low toxicity and high selectivity of Bril-
liant Blue G makes this compound an ideal candidate for
blocking ATP-dependent ROS production in vivo, but
chemical compounds such as carbenoxolone may also be
considered as support treatments in nephrotic syndrome.
Experimental therapeutic approaches should, however,
consider other pathways for ROS regulation as a target of
selective intervention in this pathology.
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Supporting information

Additional Supporting Information may be found in the
online version of this article:

Fig. S1. Expression by CD15" of apyrase (CD39) in 24 chil-
dren with active nephrotic syndrome. Proteinuria at the time
of the analysis was variable but present in all (proteinuria >
5¢g/24hin 8, 1-5g/24 h in 8, 0-5-1 g/24 h in 8). Peripheral
blood cells were stained with anti-CD39 FITC conjugated
monoclonal antibodies and the percentage of CD15*CD39*
was determined by FACS analysis.

Fig. S2. ROS production by PMN as a function of
CD4"CD25*CD39* in patients with (a) and without (b)
proteinuria. ROS production by PMNss at rest (open squares)
and after the addition of exogenous apyrase (closed circles)
was evaluated in the two cohorts as a function of
CD4*CD25*CD39* percentage.

Fig. S3. ROS production by PMN as a function of
CD4*CD25*CD73* in children with active iNS (open
squares).

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the
article.
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