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Summary

 

Idiopathic nephrotic syndrome (iNS) with resistance or dependence to ste-
roids is a common disease in children but in spite of an increasing clinical
impact its pathogenesis is unknown. We screened for the presence of circulat-
ing antibodies against glomerular (podocytes, mesangium) and tubular cells
(tubular epithelia) a cohort of 60 children with iNS including 8 patients with
a familial trait of iNS or with proven mutation of NPHS1-NPHS2 and 12 with
good sensitivity to steroids. Positive sera were found in 8 cases, all belonging
to the category without familial trait/molecular defects. The targets of anti-
bodies were characterized with Western blot and MALDI-Mass utilizing bbbb

 

-
hexyl cell extracts separated with two-dimensional electrophoresis. In all cases
antibodies of the IgM class were directed against ATP synthase bbbb

 

 chain alone
(4 cases) or in combination with actin (3 cases); one child presented IgG
against aldose reductase. The clinical picture was nephrotic syndrome with
steroid resistance or dependence and variable cyclosporin sensitivity; 3
patients developed end stage renal failure. The basic pathology picture was
focal segmental glomerulosclerosis (FSGS) in 4 cases and mesangial prolifer-
ative glomerulonephrites with deposition of IgM in 2. Overall, patients with
circulating auto-antibodies could not be readely differentiated on clinical
grounds with the exception of 3 children who developed positivity for anti-
nuclear antibodies during the follow-up. Affinity-purified IgM from one
patient who underwent plasmapheresis for therapeutical pourposes (but not
from a normal pool) induced proteinuria in Sprague-Dawley rats and con-
comitant human IgM deposition within glomeruli. This is the first report of
circulating anti-actin/ATP synthase bbbb

 

 chain antibodies in a subset of patients
with iNS. Both pathological significance and clinical impact given by the pres-
ence of these antibodies and the relationship with other conditions such as
lupus-erythematosus, characterized by their presence, must be defined.
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Introduction

 

Idiopathic nephrotic syndrome (iNS) with resistance or
dependence to steroids, is a common disease in children. The
prevalent pathological background consists in focal areas of
segmental glomerulosclerosis (FSGS) [1

 

,

 

2] that coexist with
diffuse mesangial IgM deposition, two entities that are now-
adays considered as homologs. The incidence of mesangial
IgM/FSGS has greatly increased in the last decade [3] and is

emerging as leading glomerular cause of end stage renal fail-
ure. In spite of increasing clinical impact, the pathogenesis of
mesangial IgM deposition and FSGS is unknown. Among
any other, autoimmune phenomena may play a significant
role and cannot be rouled out 

 

a priori

 

. Autoimmune mech-
anisms have been implicated in both primary and secondary
renal diseases, the paradigms being systemic lupus erythe-
matosus (SLE), mixed cryoglobulin with active nephritis [4]
and membranous glomerulonephritis (MN). In all these
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conditions, renal toxicity linked to auto-immunity has been
mainly justified on the basis of the presence of circulating
autoantibodies and data substaining fine mechanisms for
immunodeposition or of 

 

in situ

 

 formation of the immuno-
complex are available [5–8]. Actin is a major protein eliciting
an autoimmune response in SLE. Mostoslavsky 

 

et al.

 

 [9]
found that lupus anti-DNA antibodies cross-react with
glomerular actin and renal deposition of anti-actin antibod-
ies have been demonstrated in patients with lupus nephritis
[10]. It was proposed a case of molecular mimicry since this
protein shares some molecular homology with alfa-actinin 4,
a protein playing a major functional role within the glomer-
ular filtration barrier [11].

The combination of FSGS and more in general of iNS with
SLE is far more common than expected and is actually con-
sidered as a noncasual link. Hertig 

 

et al

 

. [12] recently
described 11 patients with iNS substained by a pathological
picture of FSGS or minimal changes and clear clinical char-
acteristics of SLE with polyarthritis, leukopenia, thromboc-
itemia and positive anti-DNA antibodies, proposing the idea
of a concasual pathogenesis between the two clinical entities.

Based on this background, we screened a cohort of 60
patients with iNS for the presence of circulating antibodies
against renal proteins and found anti-actin and anti-ATP
synthase IgM in 8. Anti-actin/ATP synthase antibodies may
identify a clinical variant of iNS whose clinical impact
remains to be determined.

 

Materials and methods

 

Patients

 

Sixty subjects (40 males, 20 females), who had presented
with nephrotic syndrome at various ages and variable sensi-
tivity to steroids, were enrolled between 1998 and 2004. In
parallel with classical diagnostic approches and before any
therapy was started (see below), blood samples were taken
and stored frozen for personalized analysis and DNA studies.
According to this, all DNAs were characterized for molecular
defects of podocyte genes involved in familial nephrotic syn-
drome (NPHS1-NPHS2). The therapeutic approach at the
first episode of proteinuria consisted in steroids, following
the ISKDC consolidated scheme [13

 

,

 

14] that utilizes pred-
nisolone 2 mg/kg for 30–60 days followed by 10% reduction

of the same drug given every other day for another month
and then slow tapering over the following 2 months.
Relapses of proteinuria that occurred at least after 1 month
were treated with the same protocol with the difference that
the attack dose of prednisolone was continued until stable
reduction of proteinuria for 1 week and was followed by the
same tapering protocol as above. Patients who stably
responded to steroids with normalization of proteinuria but
who presented at least 3 recurrences in a year were consid-
ered as frequent relapsers and were treated with cyclophos-
phamide (see below). Recurrence of proteinuria during the
tapering of steroids was considered as steroid dependence
and was treated with cyclophosphamide as above and, in
case of failure, with cyclosporin (see below). In case of unre-
sponsiveness (partial or global), steroids were associated or
substituted with cyclosporin (5 mg/kg starting dose, fol-
lowed by tapering to reach the minimum dose required for
maintaining cyclosporin serum levels between 50 and
100 ng/ml). In case of persistent steroid-cyclosporin resis-
tance, methyl-prednisolone was given in pulses (10 mg/kg,
6  cycles).  According  to  the  flow-chart  above,  patients
were  subdivided  categories  depending  on  the  genetic
background-familial trait and/or the sensitivity to steroids
(Table 1). Eight patients presented a familial trait of pro-
teinuria or proven mutations of major podocyte genes
(NPHS1-NPHS2) [15

 

,

 

16]; among the 52 patients without
genetic background, 16 were sensitive to steroids (S), 21 were
dependent (D) and 15 were resistant (R). Age at onset of
proteinuria and gender distribution were comparable
among groups. Patients who were succesfully treated with
steroids (S) had no further treatment and/or clinical diag-
nostic approach and none of them had progression to end
stage renal failure. Most of patients with D or R to steroids
received instead a diagnostic renal biopsy and further ther-
apeutical approaches, mainly cyclosporin and 23 were sensi-
tive to this treatment. Based on immuno-histological
findings, 28 D and R patients were classified as FSGS for the
presence of at least one segmental area of glomerulosclerosis
associated with diffuse mesangial IgM deposition. Nine
patients presented mesangial IgM deposition at immunoflu-
orescence with mesangial matrix proliferation and had a
diagnosis of mesangial proliferative glomerulonephrites
with IgM deposits (Mes IgM). Thirty normal sera were
obtained from the personal of our clinic staff composed of

 

Table 1.

 

Clinical features of all nephrotic patients enrolled in the study that included (overall 48): (a) 8 pts with circulating auto-antibodies; (b) 5 pts 

with familial trait of nephritic syndrome; (c) 3 pts with NPHS1-NPHS2 mutations; (d) 32 pts with primary nephritic syndrome.

 

n

 

Sex

Age at onset (years)

mean (range)

Drug sensitivity FSGS/Mes Histology

IgM ESRFSteroids Cyclosporin

Nephrotic syndrome with 8 3F/5M 6·2 (2–8) 1S/2D/2R 2S/2R 2/2 2

familial trait/NPHS1-2 mut

Sporadic nephrotic syndrome 52 17F/35M 7·1 (1–36) 16S/21D/15R 23S/5R 28/9 11

FSGS, focal segmental glomerulosclerosis; Mes IgM, mesangial proliferation with deposits of IgM; ESRF, end stage renal failure; S, sensitive; D,

dependent; R, resistant; NPHS1, gene encoding for nephrin; NPHS2, gene encoding for podocin.
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apparently normal young people (male12, female18; mean
age 21 years, range 16–35).

 

Human podocytes and other cells ‘in culture’

 

Primary cultures of glomerular epithelial cells (GECs) were
established and characterized as previously described [17].
Established lines of differentiated GECs were obtained by
infection of primary cultures with a hybrid Adeno5/SV40
virus as previously described and characterized as above
[17

 

,

 

18]. An immortalized GEC line was cultured in DMEM
containing 25 mM glucose, 10% inactivated FCS, 100 U/ml
penicillin, and 100 mg/ml streptomycin at 37 

 

∞

 

C and used
for these experiments. GECs for immunofluorescence were
fixed in 1% paraformaldehyde for 15 min at room tempera-
ture and washed in PBS. Where appropriate, GECs were
incubated with 0·05 ml of serum in PBS 7·4 pH and after
permeabilization at 4

 

∞

 

C in HEPES-Triton X-100 buffer for
5 min were incubated again with FITC-conjugated anti-
human IgM antibodies (DAKO, Glostrup, Denmark) for
60 min at room temperature. The slides were then mounted
with Vectashield mounting medium (Vector Laboratories
Inc., Burlingame, CA, USA) and examined. Control experi-
ments included incubation of cells with nonimmune iso-
typic control antibodies followed by the appropriate labelled
secondary antibodies.

Human mesangial cells, tubular epithelia, and human skin
fibroblasts were obtained and cultured following standard
recipes with slight modifications [19

 

,

 

20].

 

Detection of anti-actin/ATP synthase bbbb

 

 chain antibodies

 

The research of circulating antibodies in patients with iNS
was done by immuno-western utilizing a panel of human
cells in culture. We included both human renal cells
(podocytes, mesangial cells, tubular epithelia) and skin
fibroblasts. Podocytes and other cells were first extracted in

 

b

 

-hexyl-glucopyranoside (25 mM in Tris-HCL ph 7·4,
10 mM KCl, 0·15% 

 

b

 

-hexyl-glucopyranoside, 1 mM EDTA
plus phosphatase and protease inhibitors) and the extracted
proteins were separated with one or two dimensional elec-
trophoresis (see below). After separation, gel strips (in case
of one-dimension electrophoresis) or entire gels (in case of
two-dimensional electrophoresis) were incubated overnight
with serum diluted 1 : 50 in TBS-T (Tris Buffer, 0·2% Tween
20, 0·5 M NaCl), at 4C

 

∞

 

 in the dark. Nitrocellulose saturation
was achieved with 4% BSA in TBS-T with different washes.
Alkaline-phosphatase conjugate anti-human IgG and IgM
(DAKO, Copenhagen, Denmark) diluted 1 : 1·000 in 4% BSA
and TBS-T were incubated for 2 h at room temperature.

 

Two-dimensional electrophoresis and western-blot

 

Two-dimensional electrophoresis, preparation and re-
hydration of immobilized gradients (IPGs) and polyacryla-

mide gels have been described in detail elsewhere [21].
Briefly, the IPG strips were re-hydrated overnight at 4

 

∞

 

C in
8 M urea, 0·5 M Thiourea, 2% w/v CHAPS, 0·6% w/v carrier
ampholytes (IPGs, Amersham Pharmacia Biotech), and a
trace of bromophenol blue. Proteins (30 

 

m

 

g) were solubilized
with a solution containing 9 M urea, 4% w/v CHAPS, and
40 mM Tris. Isoelectric focusing was performed at 18

 

∞

 

C. The
applied voltage for electrophoresis was increased from 300 to
3500 V during the first 5 h, followed by 5000 V for a total of
100 kV h. Before the 2-D run, IPG strips were put on the
strip tray for 30 min with a solution of 0·05 M Tris-HCl
buffer pH 6·8, 6 M urea, 30% v/v glycerol, 2% w/v SDS, and
a trace of bromophenol blue. The second dimension was
performed on 180 

 

¥

 

 160 

 

¥

 

 1·5 mm slabs of polyacrylamide
gradient gels (%T 8–16) using piperazine diacrylamide
(PDA) as cross-linking agent. The gels were run at 45 mA/gel
constant current and maintained at a temperature of 12

 

∞

 

C.
For Western blot, proteins were transblotted to Hybond

nitrocellulose membranes (Amersham Pharmacia Biotech,
Little Chalfont, UK) with a Novablot semidry system using a
continuous buffer system with 38 mM Tris, 39 mM glycine,
0·035% SDS,and 20% methanol. The transfer was achieved
at 1·55 mA/cm

 

2

 

 for 1·5 h. Colour was developed with 4-
nitro-blue tetrazolium (NBT) and 5-bromo-4-chloro-3-
indolyl-phoshate (BICP) in 0·1 M bicarbonate buffer pH 9·8
plus 1 mM MgCl

 

2

 

.

 

MALDI-mass

 

In-gel enzymatic digestion

 

Following the staining procedure, the 2D gel was washed in
water and the spots of interest were excised. In-gel digestion
was carried out in 100 mM ammonium bicarbonate 1 mM
CaCl

 

2

 

 pH 8·9, 30% acetonitrile and 12·5 ng/

 

m

 

l (1 

 

m

 

g) of
sequencing grade modified trypsin (Promega, Madison, WI,
USA) overnight at 37

 

∞

 

C as previously described [22]. After
tryptic digestion, the sample was dried in a vacuum centri-
fuge (Savant Instruments, Farmingdate, NY, USA) to reduce
acetonitrile concentration, diluted in 0·25% formic acid and
filtered using a 0·02 

 

m

 

m Anodisc 13 filter (Whatman) in a
MicroFilter system (ProteinSolutions, Lakewood, NJ, USA).

 

LC/ESI-MS/MS analysis of tryptic peptides

 

An automated LCQ-DECA MS/MS ion trap mass spectrom-
eter coupled to a HPLC Surveyor (Thermo Finnigan) and
equipped with a 1 

 

¥

 

 150 mm column, Vydac C

 

18,

 

 5 

 

m

 

m, 300 Å
(Dionex Company, San Francisco, CA, USA) were used. Pep-
tides were eluted from the column using an acetonitrile gra-
dient, 5% B for 3 min followed by 5–90% B within 52 min
(eluent A: 0·25% formic acid in water; eluent B: 0·25% for-
mic acid in acetonitrile) at a flow-rate of 50 

 

m

 

l/min. The cap-
illary of the ion trap was kept at 200

 

∞

 

C and the voltage at
30 V. Spray voltage was 5·0 kV. Spectra were acquired in
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automated MS/MS mode: each full MS scan (in the range
400–2000 

 

m/z

 

) was followed by three MS/MS of the most
abundant ions, using relative collision energy of 35%. Com-
puter analysis of peptide MS/MS spectra was performed
using the version 1·2 of the TurboSEQUEST software (Uni-
versity of Washington, licensed to ThermoFinnigan Corp.)
and searched against the National Center for Biotechnology
Information (NCBI) human protein database.

 

IgM purification and infusion in rats

 

Purification of serum IgM was performed by immunoaffin-
ity chromatography utilizing a resin produced in our
laboratory, where anti-human IgM antibodies (Dako,
Copenhagen, DK) were linked to CNBR activated Sepharose
4B (Amersham Pharmacia Biotech) in 0·1 M borate buffer
pH 8·9 

 

+

 

0·5 M NaCl, by overnight incubation at 4 

 

∞

 

C. Block-
ing of remaining active groups was done in 1 M ethanola-
mine pH 8·0. At the end of the procedure the purity of IgM
was tested by two dimensional electrophoresis (see above)
and their isoelectric points were characterized by immuno-
western with ant-human IgM antibodies. Equal amounts of
IgM purified from the children with FSGS and from normal
donors (from 0·1 to 1 mg) dissolved in 1 ml PBS were slowly
infused three times every other day, in the tail of 6 (3 IgM
from FSGS and 3 IgM from normal controls) Sprague-Daw-
ley rats (150–200 g) placed in metabolic cages. Every 12 h
urine was collected and tested for the presence of pro-
teinuria. Rats were then sacrificed after 4 days from the start
of proteinuria and renal samples were frozen in isopenthane.
Immunofluorescence was done with FITC anti-human IgM
and anti-rat IgG-IgM antibodies (Dako).

 

Characterization of serum IgM

 

After purification, characterization of IgM was done by two-
dimensional-electrophoresis and silver staining following the
method originally described by Merril and Goldman [23].

 

Statistical analysis

 

One way analysis of variance was used to compare data on
proteinuria in rats infused with human IgM.

 

Results

 

As a part of a screening study in patients with iNS that
involves genetic and humoral factors, all patients enrolled
between 1998 and 2004 in our department had tests for
unveiling a hypothetical role of auto-immunity. Overall, 60
children with iNS were enrolled, eight showing familial trait
and/or proven mutations of NPHS2. Following our clinical
protocol, frozen sera were utilized for the screening on cir-
culating antibodies against renal (podocytes, mesangial cells,
tubular epithelia) and non-renal (skin fibroblasts) cells uti-

lizing indirect Western blot. According to this procedure,
serum is first incubated with extracts of different cell types
previously separated by mono- or two-dimensional electro-
phoresis and the presence of antibodies is demonstrated by
specific double-labelling with anti-serum immunoglobulins.
Antibodies of the IgM class were found in eight children: in
four patients IgM recognized a single protein, whereas in
another three IgM recognized two spots. One child had anti-
bodies of the IgG class. In Fig. 1b,c it is shown the western
analysis of the 8 sera with podocyte extracts and, for com-
parison, it is reported the protein composition of a whole
podocyte extract (Fig. 1a). Actin was recognized on the basis
of clear electrophoretic coordinates, two other spots were
characterized by MALDI-Mass as ATP synthase 

 

b

 

 chain and
aldose reductase. The results are reported in Table 2, which
shows the peptide composition of both ATP synthase 

 

b

 

 chain
and aldose reductase and the coverage given by the sum of
the molecular mass of all peptides. All cell extracts were pos-
itive to IgM auto-antibodies including skin fibroblasts (not
shown) this finding excluding renal specificity of the phe-
nomenon. Permeabilized human podocyte cells lines were
also studied by immunofluorescence; as shown in Fig. 2 indi-
rect immunofluorescence with anti-human IgM of cells pre-
incubated with serum of patients positive to immuno-
westen were positive while normal serum was negative for
the presence of anti-podocyte antibodies.

Patients with circulating auto-antibodies could not be
readily differentiated from other patients with primary NS
with repect to general clinical and pathological characteris-
tics. As detailed in Table 3, all had an early onset of pro-
teinuria (between 1 and 14 years) and had strict resistance or
dependence to steroids while six out of eight patients treated
with cyclosporin, two were resistant and four were sensitive.
Sensitivity to cyclosporin was associated with good long-
term outcome in all cases. The histological background was
FSGS in four cases and MesIgM in two, while one patient had
an unspecific pattern and in another one biopsy was not per-
formed. Three patients, two with both anti-actin and anti-
ATP synthase 

 

b

 

 chain antibodies and one with only the anti-
ATP synthase 

 

b

 

 chain, developed after 5 years or more of fol-
low-up positivity for antinuclear antibodies (ANA) with
normal complement levels while showing a clear pathology
picture of FSGS/Mes IgM excluding lupus nephrites.

To demonstrate a cause-effect relationship between circu-
lating antibodies and proteinuria, serum IgM were purified
from plasma of the unique patients who was treated with
plasmapheresis and were given to rats at doses from 0·1 to
1 mg three times every other day. Infused IgM deriving from
purification steps had been preventively characterized by
2D-electrophoresis and Silver stain and the result is given in
Fig. 3. Rats infused with IgM purified from the child with
FSGS developed proteinuria after 6 days of treatment (Fig. 4)
whereas those rats treated with normal IgM did not. Indirect
immunofluorescence of rat kidneys with FITC antibodies
against rat and human proteins demonstrated the presence
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Fig. 1.

 

(a) Two dimensional electrophoresis of a 

 

b

 

-hexyl extract of human podocytes; (b) immuno-Western blot of a serum from one child with 

nephrotic syndrome; actin was identified on the basis of well-defined electrophoretic characteristics, spot 1 was characterized by MALDI-Mass; (c) 

immuno-Western blot of each patient with nephrotic syndrome and presence of anti-podocyte antibodies. Also in these cases, spots 1 and 2 were 

characterized by MALDI-Mass (see Table 2).
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Table 2.

 

Peptide composition of target antigen of serum IgM (7 cases) and IgG (1 case) immunoglobulins in children with nephrotic syndrome.

Spot

no

 

.

 

Protein SWISS-PROT 

accession number

Peptide

no.

Experimental 

[M 

 

+

 

 H] Matched sequence

Position in

protein

1 ATP synthase beta chain 1 1632·88 LVLEVAQHLGESTVR 105–119

P06576 2 1901·24 VLDSGAPIKPPVGPETLGR 135–153

3 1020·20 IPVGPETLGR 144–153

4 1367·58 IMNVIGEPIDER 154–165

5 1070·30 VVDLLAPYAK 199–208

6 1388·51 AHGGYSVFAGVGER 236–249

7 1421·66 VALTGLTVAEYFR 292–304

8 1904·11 DQEGQDVLLFIDNIFR 305–320

9 1417·58 FTQAGSEVSALLGR 321–334

10 2248·55 IPSAVGYQPTLATDMGTMQER 335–355

11 1798·00 IMDPNIVGSEHYDVAR 417–432

12 2658·02 SLQDIIAILGMDELSEEDKLTVSR 443–466

2

 

Aldose reductase

 

1 823·99 LLLNNGAK 4–11

O60218 2 1116·40 MPILGLGTWK 12–21

3 1094·23 SPPGQVTEAVK 22–32

4 874·01 VAIDVGYR 33–40

5 1102·30 REELFIVSK 69–77

6 946·11 EELFIVSK 70–77

7 3245·64 GIVVTAYSPLGSPDRPWAKPEDPSLLEDPR 203–232

8 902·08 TTAQVLIR 243–250

9 763·98 NLVVIPK 256–262

Peptide composition was determined by MALDI-Mass as described in Materials and Methods. The coverage of peptides of the whole protein

structure was 33% and 40% in the case of ATP synthase and aldose reductase, respectively.
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of focal mesangial deposts of human IgM in rat glomeruli
and negativity of any rat component within glomeruli. This
pattern is shown in Fig. 5a and b which gives an overview at
low magnification of rat glomeruli after infusion with
patients’ IgM. In one case (Fig. 5a) mesangial human IgM
deposition is evident, while no rat IgM, IgC and C3 comple-
ment (Fig. 5b) could be observed.

 

Discussion

 

This is the first description of circulating anti-actin/ATP
synthase antibodies in a small subset of patients with iNS.
On clinical grounds, they were children with poor or partial
response to steroids and a pathological background of FSGS/
mesangial IgM deposition and could not be readily differen-
tiated from other FSGS patients, with the unique exception

 

Fig. 2.

 

Indirect immunofluorescence of permeabilized human 

podocytes ‘in culture’ incubated with (a) serum of patients with circu-

lating anti-actin and anti-ATP synthase 

 

b

 

 chain antibodies and (b) 

normal serum. After several PBS washings slides were incubated with 

FITC conjugated anti-human IgM antibodies. In the former case, dif-

fuse cytoplasmatic staining of human IgM was observed.

(a)

(b)

 

Table 3.

 

Clinical features of 8 patients with nephrotic syndrome who presented anti-podocyte antibodies.

Type of antibody

Age

(years)

Age at 

onset (years)

Serum IgM

mg%

Parameter

ANA

Drug  sensitivity 

Histology IF ESRF TXSteroids Cyclosporin

IgM-anti-Actin and ATP synthase

Patient 1 (LD) 17·3 8·3 1·2 Pos 1 : 360 Resistant Resistant FSGS IgM No

Patient 2 (DE) 8·7 1·4 400 Pos 1 : 160 Dependent Sensitive Mes Prol IgM No

Patient 3 (LS) 7 3·05 Neg Dependent Sensitive Mes Prol IgM No

IgM-anti-ATP synthase

Patient 4 (BB) 25 14 nd Neg Resistant Non utilized Unspecific nd Yes Yes

Patient 5 (AL) 19 14 nd Neg Resistant Resistant FSGS nd Yes Yes

Patient 6 (ED) 7 2 200 Pos 1 : 80 Dependent Sensitive nd nd No

Patient 7 (VD) 9·6 2·1 174 Neg Dependent Sensitive FSGS IgM No

IgM anti-b-Tubulin and IgG anti-aldose reductase

Patient 8 (DV) 16·7 5·2 269 Neg Resistant Non utilized FSGS IgM/IgG Yes Yes

IF, immunofluorescence; ESRF, end stage renal failure; FSGS, focal segmental glomerulosclerosis; TX, renal transplant; nd, not determined.

 

Fig. 3.

 

Two-dimensional electrophoresis with silver stain of plasma IgM 

purified from plasmapheresis eluates of a patient with both anti-actin 

and anti-ATP synthase antibodies. This analysis shows a high degree of 

purity of infused IgM, mainly consisting in heavy (

 

m

 

), intermediate (

 

m

 

s) 

and light chains (k

 

l

 

). Groups of proteins with anionic pIs and MW 

between 60 and 10 kD represent a minor fraction (10%) of this 

preparation.

3·5 non linear IPG pH 10

120

Mr
kD

16·5

IgM m chains

IgM m–s chains

IgM k, l chains
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of 3 patients who developed antinuclear-antibodies during
the follow-up. According to current criteria of classification
the 3 children with combined positivity for antinuclear and
anti-actin/ATP synthase 

 

b

 

 chain antibodies are included in
the subset of patients who present serological markers of
lupus still maintaining clear pathological features of FSGS/
IgM or MCN. Hertig 

 

et al.

 

 [12] reported 11 patients with iNS
and FSGS who developed SLE and in most cases mesangial
deposition of IgM was found. They probably represent a sep-
arate cohort of all SLE patients (or, alternatively, a separate
cohort of patients with iNS) and the proposed rough esti-
mate of the incidence of patients with FSGS/mesangial IgM
in SLE was about 2–4%. Thus the combination is far more
common as expected and may represent a separate clinical
entity. Also the characterization of actin as the target antigen
of auto-antibodies seems particularly relevant since anti-
actin antibodies have been characterized as a main compo-
nent of lupus anti-DNA antibodies [9] and actin was recog-
nized as the target of nephritogenic antibodies in this
condition [10,24]. In spite of these supporting facts and
until the pathogenesis of FSGS and more in general of iNS is
better characterized [25–29] any conclusion on a pathogen-
esis linked to autoimmunity in a subset of patients remains
speculative. The finding of IgM auto-antibodies against
podocytes seems intriguing all the same since these cells have
been recognized as the effective renal barrier to filtration of
proteins [15,30

 

,

 

31] and maintainance of their integrity is
critical to the overall process of ultrafiltration of proteins.
Lacking proofs for a causative relationship between
antipodocyte antibodies and proteinuria their presence
could simply represent an epiphenomenon and further stud-
ies will define this basic aspect. We approached this problem
experimentally by infusing in rats IgM purified from a single

plasma eluate and were able to reproduce proteinuria and
IgM mesangial deposition. Therefore, the above result sup-
ports a direct pathogenic connection between circulating
anti-actin/ATP synthase 

 

b

 

 chain with mesangial IgM depo-
sition and more in general with proteinuria. It must be
stressed that this remains an isolated experience since the
single donor of plasma IgM was a child treated with plasma-
pheresis due to the very high title of serum IgM for which the
procedure was indicated. On the other hand, purification of
plasma IgM for infusion in rats requires large amount of
plasma to be processed and this is only possible if plasma elu-
ates from plasmapheresis are available. Unfortunately, based
on lack of evidence on potential benefits of plasmapheresis in
patients with iNS no other patient was treated with this
technique.

A second issue concerns specificity of antibodies, since
they reacted, besides with podocytes and mesangial cells,
also with skin fibroblast actin/ATP synthase 

 

b

 

 chain and this
does not appear surprising based on the ubiquity of both
proteins. What could mediate podocyte toxicity in glomeruli
is the strong structural analogies between actin and 

 

a

 

-acti-
nin-4, a protein that in glomeruli plays a central role in
maintaining impermeability to proteins. Actually mutations

 

Fig. 4.

 

Outcome of proteinuria in rats treated with normal IgM and 

with IgM purified from serum of a patient with marked hyper IgM 

whose electrical charge was slightly more cationic than normal. Equal 

amounts (0.2 mg) of purified IgM were infused in the tail of 8 rats (4 

normal and 4 cationic) at time 0 and every other days. Proteinuria was 

determined with the Coomassie dye binding assay and results are given 

as Mean 

 

±

 

 standard deviation
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Fig. 5.

 

Indirect immunofluorescence of a 2 mm section of frozen rat 

kidneys stained with FITC (a) anti-human IgM (

 

¥

 

200) and (b) anti-rat 

IgM (

 

¥

 

200). Focal deposition of human IgM in mesangial areas are 

evident, while rat IgM were absent.
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a-actinin-4 [11] determine a familial NS with autosomal
dominant inheritance and a case of molecular mimicry
between actin and its glomerular homolog may determine
the proteinuric response to anti-actin antibodies.

In conclusion, this paper reports the presence of anti-
actin/ATP synthase b chain antibodies in serum of a subset
of patients with iNS. They presented clinical and pathologi-
cal hallmarks of FSGS/mesangial IgM glomerulonephritis
and developed positivity to antinuclear antibodies in 3 cases.
While the effective significance of these auto-antibodies
remains uncertain, experiments in animals treated with IgM
from a single patient suggest a pathogenic link. If this will be
proved correct, removal from plasma of anti-podocyte anti-
bodies could become an alternative therapeutic approach to
those classically utilized in these patients but this approach
requires more clinical and experimental evidence that we
hope will be stimulated by present findings.
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