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Abstract
Administration of a specific combination of anti-amino-
peptidase A (APA) mAb (ASD-37/41) in mice induces an
acute albuminuria which is independent of angiotensin
II, a well-known substrate of APA. In the present experi-
ments, we examined whether binding of the mAb ini-
tiated changes in the podocytic expression of cytoskele-
ton (-associated), adhesion and slit-diaphragm proteins
in relation to the time course of albuminuria. In addition,
we measured ultrastructurally the extent of foot process
retraction (the number of foot processes per Ìm GBM)
and the width of the slit pore between the podocytes by
morphometric methods. An injection of the mAb combi-
nation ASD-37/41 induced a massive but transient albu-
minuria that started at 6 h, and peaked at 8 h, after which
it declined. However, even at day 7 after injection of the
mAbs some albuminuria was present. Injection of the
combination ASD-3/41 or saline did not induce an albu-
minuria. Notably, we observed changes in the staining of

CD2AP and podocin, two slit-pore-associated proteins
that coincided with the start of the albuminuria. Nephrin
staining was reduced and podocytic actin staining be-
came more granular only at a time albuminuria was
declining (24 h). The number of foot processes per Ìm
GBM was already decreased at 4 h with a further reduc-
tion thereafter. The width of the slit pore was unchanged
at the time of peak albuminuria and gradually decreased
thereafter. At day 7, podocytic foot process effacement
was even more prominent although albuminuria was
only slightly abnormal. Expression of CD2AP was still
granular. We observed however a change toward nor-
mal in the expression of podocin. Injection of saline or
ASD-3/41 had no effect on the expression of podocytic
proteins, the number of foot processes or width of the slit
pore. Our data show that the onset of albuminuria in the
anti-APA model is related to alterations in CD2AP and
podocin, proteins that are important for maintaining slit-
diaphragm structure and podocytic function. Extended
studies at day 7 demonstrated uncoupling of albumin-
uria, podocytic foot process effacement and CD2AP
staining. Changes in podocin more closely paralleled
changes in albuminuria.

Copyright © 2003 S. Karger AG, Basel

D
ow

nl
oa

de
d 

by
: 

R
ad

bo
ud

 U
ni

ve
rs

ite
it 

N
ijm

eg
en

19
5.

16
9.

21
9.

17
2 

- 
2/

18
/2

02
2 

9:
48

:3
5 

A
M



e86 Nephron Exp Nephrol 2003;94:e85–e93 Dijkman/Gerlofs-Nijland/van der Laak/
Wetzels/Groenen/Assmann

Introduction

In recent years we have described a mouse model of
podocytic activation or injury characterized by a massive
but transient acute albuminuria, and induced by a single
intravenous injection of a combination of two mAb di-
rected against specific epitopes of mouse aminopeptidase
A (APA) [1]. Induction of the albuminuria is not dependent
on systemic mediators, such as inflammatory cells, com-
plement, or the coagulation system [1, 2, 7]. Recently, we
have demonstrated that the induction of albuminuria is
not dependent on the presence of angiotensin II [2]. Thus it
is unlikely that systemic factors or hemodynamic changes
are involved in our anti-APA model and evidence for a
local mechanism must be sought. APA has a widespread
organ distribution, but in the mouse kidney it has a high
expression on the cell membranes of podocytes and brush
borders of proximal tubular epithelial cells [3, 7]. It is there-
fore hypothesized that the enhanced glomerular perme-
ability in this model is initiated by the binding of anti-APA
mAb to at least two pathogenic domains on glomerular
APA resulting in an altered morphology and physiology of
the podocyte and maybe the release of mediators that are
involved in the albuminuria.

In the present experiments, we have examined the
expression of several important podocytic proteins, in
relation to the time course of the albuminuria. We have
included cytoskeleton (-associated) proteins, adhesion
molecules, slit-diaphragm proteins and heparan sulfate
proteoglycans, all known to affect podocyte integrity,
associated with podocytic injury or proteinuria in several
experimental and human forms of glomerulonephritis [4].
In addition, we have quantitated the degree of foot pro-
cess retraction and the width of the slit pore.

Materials and Methods

Animals
BALB/c mice, aged 6–10 weeks and weighing 20–25 g, were pur-

chased from Charles River, Sulzfeld, Germany. All procedures
involving mice were approved by the Animal Care Committee of the
University of Nijmegen and conformed to the Dutch Council for
Animal Care and National Institutes of Health guidelines.

Animal Experiments
The characteristics of the three rat mAb against different epitopes

of mouse APA used in this study (ASD-3, ASD-37 and ASD-41) have
been described previously [5]. The anti-APA mAb have been propa-
gated in vitro by hollow-fiber culture (Nematology Department,
Agriculture University Wageningen, The Netherlands). Injection of
the combination ASD-37/41 into BALB/c mice induced a massive

acute albuminuria at day 1, whereas the combination ASD-3/41 had
no effect. The administration of ASD-37/41 almost completely
inhibited the APA enzyme activity in vivo, whereas ASD-3/41 did
not alter the enzyme activity [5]. Mice received a single intravenous
injection of a total dose of 4 mg of the nephritogenic combination
ASD-37/41 or the non-nephritogenic combination ASD-3/41 (both
with 1:1 weight ratio). Groups of mice (n = 3) were studied at defined
time points after injection of mAb (see Results). Urine was collected
via bladder puncture, after which mice were killed and the kidneys
processed for light microscopy, immunofluorescence and electron
microscopy. The amount of albumin in the urine samples was deter-
mined by radial immunodiffusion [6].

Morphologic Studies

Immunofluorescence
For immunofluorescence, kidney fragments were snap-frozen in

liquid nitrogen and 2-Ìm acetone-fixed cryostat sections were stained
with Alexa 488-labeled goat anti-rat Ig (Molecular Probes, Eugene,
Oreg., USA) for 60 min at room temperature to investigate the pres-
ence of the injected anti-APA mAb. Glomerular APA expression was
analyzed using the anti-APA mAb ASD-38 followed by incubation
with FITC-labeled sheep anti-rat IgG2b (Serotec, Oxford, UK) as
described before [2]. The expression of important podocytic proteins
and GBM was examined at 0, 1, 2, 4, 6, 8, 16, 24, 48 h and 7 days using
unlabeled primary mAb and FITC-labeled secondary antibodies as
listed in table 1. The sections were analyzed by a confocal system, the
Leica TCS NT (Leica Lasertechnik GmbH, Heidelberg, Germany).

Light and Electron Microscopy
For light microscopy, pieces of kidneys were fixed in Bouin’s

solution overnight at room temperature, dehydrated and embedded
in Paraplast (Amstelstad, Amsterdam, The Netherlands). 2-Ìm-thick
sections were stained with periodic acid-Schiff and methenamine
silver [7]. For electron microscopy, small pieces of kidneys were fixed
in 2.5% glutaraldehyde dissolved in 0.1 M sodium cacodylate buffer,
pH 7.4, overnight at 4°C and washed in the same buffer. The tissue
fragments were post-fixed in cacodylate-buffered 1% OsO4 for 2 h,
dehydrated, and embedded in Epon 812 (Merck, Darmstadt, Germa-
ny). Ultrathin sections were cut on an ultratome (Leica, Reichert
Ultracuts, Wien, Austria), and contrasted with 4% uranyl acetate for
45 min and subsequently with lead citrate for 4 min at room temper-
ature. Sections were examined in a Jeol 1200 EX2 electron micro-
scope (Jeol, Tokyo, Japan).

Measurements of Foot Processes, Slit Pores and GBM
Negatives of electron micrographs (magnification !6,000) were

scanned at 600 dpi resolution using a flatbed scanner (Epson Perfec-
tion 1200 Photo, Epson Europe, Amsterdam, The Netherlands),
resulting in a specimen-level pixel size of approximately 7 ! 7 nm2.
Measurement of resulting images was performed using Leica QWin
Pro V2.4 (Leica Imaging Systems Ltd, Cambridge, UK) under
Microsoft Windows NT 4.0. The system was calibrated using the
marker bar on the electron micrographs. For five open random capil-
lary loops in each of five randomly selected glomeruli per specimen,
the GBM was indicated interactively using a graphic tablet. The
image analysis software was used to measure the length of the GBM
for each loop. Also, for each loop the number of podocytic foot pro-
cesses was manually counted and expressed as the number of foot
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Table 1. Antibodies used for the detection of injected antibodies and glomerular antigens1

Antigen2 Primary antibody2 Dil. Suppl.3 Ref. Secondary antibody Dil. Suppl.3

Antibodies injected
Rat antimouse
APA mAb
(ASD-3, -37, and -41) Rabbit anti-rat Ig-FITC 100 Dako – – –

Podocyte components
Cell membrane

APA Rat anit-mouse APA mAb (ASD-38) 1 7 Sheep anti-rat IgG2b-FITC 100 Serotec
Nuclear

WT1 Rabbit anit-nuclear protein 50 Santa Cruz Swine anti-rabbit Ig-FITC 40 Dako
Cytoskeleton

Synaptopodin Mouse anti-synaptopodin 1 Progen Sheep anti-mouse Ig-FITC 100 Cappel
Ezrin Rabbit anti-ezin 200 34 Swine anti-rabbit Ig-FITC 40 Dako
Talin Mouse anti-talin 50 Sigma Sheep anti-mouse Ig-FITC 100 Cappel
Vinculin Mouse anti-vinculin 200 Sigma Sheep anti-mouse Ig-FITC 100 Cappel
Paxillin Mouse anti-paxillin 50 Transduction Sheep anti-mouse Ig-FITC 100 Cappel
Actin Phalloidin-FITC 20 Sigma – – –
Tubulin Mouse anti-tubulin 200 Sigma Sheep anti-mouse Ig-FITC 100 Cappel

Slit pore
Nephrin Rabbit anti-nephrin 50 18 Swine anti-rabbit Ig-FITC 40 Dako
Zo-1 Rabbit anti-ZO-1 200 Chemicon Rabbit anti-rat Ig-FITC 100 Dako
P-cadherin Rat anti P-cadherin 10 Zymed Rabbit anti-rat Ig-FITC 100 Dako
Podocin Rabbit anti-podocin 40 24 Swine anti-rabbit Ig-FITC 40 Dako
CD2AP Rabbit anti-CD2AP 200 Santa Cruz Swine anti-rabbit Ig-FITC 40 Dako

Adhesion molecules
·3 Integrin Mouse anti-·3-integrin 1 32 Sheep anti-mouse Ig-FITC 100 Cappel
·-Dystroglycan Mouse anti-·-dystroglycan 1 Upstate Sheep anti-mouse Ig-FITC 100 Cappel

GBM
Agrin Hamster anti-agrin (MI-91) 800 33 Rabbit anti-hamster Ig-FITC 200 Cappel
Heparan sulfate Mouse anti-heparan sulfate (JM403) 200 15 Goat anti-mouse IgM-FITC 50 Nordic

1 APA = Aminopeptidase A; mAb = monoclonal antibodies; WT-1 = Wilms’ tumor suppressor gene WT-1 product; CD2AP = CD2-
associated protein; Dil. = dilution; Suppl. = supplier.
2 Code and subclass in parentheses.
3 Serotec, Oxford, UK; Instruchemie, Hilversum, The Netherlands; Dako, Glostrup, Denmark; Progen, Heidelberg, Germany; Cappel,
Organon Teknica, The Netherlands; Santa Cruz Biotechnology, Santa Cruz, Calif., USA; Nordic, Tilburg, The Netherlands; Chemicon,
Temecula, Canada; Transduction Laboratories, Lexington, UK; Upstate Biotechnology Corp., Lake Placid, USA; Zymed, San Francisco,
Calif., USA.

processes per Ìm GBM length, resulting in 25 measurement points
for each specimen. Using QWin, the width of 100 individual slit
pores was measured interactively for each specimen in the same set
of digitized electron micrographs.

Statistical Analysis
Group comparisons were performed using Anova with Tukey

post-hoc testing. For the number of podocytes per microgram GBM,
glomeruli were taken as a random factor to study the effect of hetero-
geneity within individual mice. p values !0.05 were considered sig-
nificant. All statistics were performed using SPSS statistical software
(SPSS 9.0 for Windows, SPSS Inc., Chicago, Ill., USA).

Results

Albuminuria
In mice injected with 4 mg of the nephritogenic combi-

nation, ASD-37/41 albuminuria was first noted at 6 h,
and peaked at 8 h at values of 58,667 B 3,771 Ìg/ml. As
shown in figure 1, the albumin excretion decreased there-
after reaching a value of 8,056 B 6,764 Ìg/ml at day 1,
1,739 B 11,1061 Ìg/ml at day 2, and 2,249 B 1,447 Ìg/
ml at day 7. Mice injected with the non-nephritogenic
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Fig. 1. Albuminuria at different time points
after injection of 4 mg of a combination of
two mAb against aminopeptidase A (ASD-
37/41; weight ratio 1:1) into BALB/c mice
(mean B SD).

combination ASD-3/41 did not develop significant albu-
minuria (102 B 24 Ìg/ml at 8 h).

Expression of Podocytic and GBM Components
By immunofluorescence we investigated at 0, 1, 2, 4, 6,

8, 16, 24, 48 h and 7 days the binding of the injected mAb
in the glomeruli and the presence of APA. In addition, we
examined at these time points the expression of several
podocytic and GBM proteins that may be involved in the
induction of albuminuria in this model. The proteins
investigated are listed in table 1.

After injection of ASD-37/41, we observed initial bind-
ing of the mAb to capillary loops in a homogeneous pat-
tern that changed into a fine granular pattern at 6 h, and a
more granular pattern at 24 h. We also noted a similar
change in the glomerular APA expression from a homoge-
neous staining pattern into a fine granular one (fig. 2). As
described before, we observed binding of antibodies to the
brush borders of the proximal epithelial cells as early as
2 h after injection [8].

Interestingly, we also observed changes in the expres-
sion pattern of the slit-diaphragm components podocin,
CD2AP, and nephrin as well as the cytoskeleton protein
actin. The normal homogeneous staining along the capil-
lary loops of podocin became more granular at 6 h with
evidence of a recovery at day 7 (fig. 3). At the same time,
CD2AP expression changed from a normal fine granular
into a granular pattern at 6 h that persisted unchanged
until day 7 (fig. 3). At the early time point, no changes in
the expression of nephrin were noted. The staining for

nephrin at 24 h was slightly less than in previous hours
(fig. 2).

Glomerular actin aggregated into a more granular pat-
tern at 24 h when albumin excretion was already declining
(fig. 2). The expression of the other components listed in
table 1 did not change during the first 24 h after injection
of the mAb.

ASD-3/41 mAb bound homogeneously to the periph-
ery of the glomerular loops and this binding pattern
remained the same during the first 24 h. Also the expres-
sion of APA and all the components listed in table 1 did
not change upon injection of ASD-3/41 mAb.

Light and Electron Microscopy
By light microscopy we did not see any changes in glo-

merular or tubular morphology in the BALB/c mice
injected either with ASD-37/41 or ASD-3/41 during the
time of the experiment. By electron microscopy we ob-
served segmental fusion of podocytic foot processes dur-
ing the experiment which was quantitated (see below).

Morphometric Measurements
In mice that received the non-nephritogenic combina-

tion ASD-3/41 or saline, morphometry was done on tissue
samples obtained at 24 h, and in mice that received the
nephritogenic combination ASD-37/41 studies were done
at 4, 8, 24 h and 7 days. The slit-pore width was
unchanged at 4 and 8 h after administration of ASD-37/
41 (table 2). We observed a decrease of the slit-pore width
only at 24 h. In contrast, a reduction in the number of foot
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Fig. 2. The immunohistologic presence of
glomerular APA after injection of the mAb
into BALB/c mice. A Normal homogeneous
presence of APA at the periphery of the cap-
illary tuft (corresponding to a podocytic pat-
tern). After injection of the antibodies the
expression pattern of APA changed from 6 h
onward into a fine granular one that per-
sisted until day 7 (B; !700). The immuno-
logic localization of the slit-diaphragm-asso-
ciated protein nephrin and glomerular actin
at 2 and 24 h after injection of anti-APA
mAb. The mild nephrin staining (C) at
the periphery of the glomerular tuft was
less intense at 24 h (D). Glomerular actin
as shown by TRITC-labeled phalloidin is
present in mesangial cells and podocytes.
The homogeneous staining for actin at 2 h in
podocytes (E, arrow) became more granular
16–24 h after administration of the anti-
APA mAb (F, arrow) and persisted until day
7 (!500).

processes occurred early and was already apparent at 4 h
after administration of ASD-37/41, at a time point when
albuminuria was not detectable (table 2). Foot process
effacement progressed from 4 h onward. As evident from
the data in table 2, foot process effacement was even more
prominent at day 7.

Discussion

Injection of the combination of the anti-APA mAb
ASD-37 and ASD-41, which act synergistically on two
nephritogenic epitopes of APA, induced an early massive
albuminuria which started at 6 h, reached its maximum at
8 h and declined thereafter. In previous studies we have
excluded complement, coagulation factors, inflammatory
cells, and angiotensin II as mediators of proteinuria [1, 2].
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Fig. 3. The immunologic localization of the
slit-diaphragm-associated proteins podocin
and CD2AP at 2 h, 6 h and 7 days after injec-
tion of anti-APA mAb. The prominent ho-
mogeneous staining for podocin along the
capillary wall at 2 h (A) became more granu-
lar and less intense from 6 h onward (B). At
day 7 the expression of podocin changed
toward normal (C; !500). The immunologic
localization of the slit-diaphragm-associated
protein CD2AP changed from normal faint
fine granular staining along the capillary wall
at 2 h (D) into a more granular and more
intense staining at 6 h (E), that persisted
until day 7 (F; !500).

Therefore, in the present study we have evaluated the
potential role of podocytic alterations in the development
of albuminuria. Our anti-APA model in mice has some
resemblance to an antibody-mediated model in rats, in
which a single injection of antibodies against podoplanin,
a 43-kD protein on the podocytic cell membrane, leads to
a transient proteinuria and effacement of foot processes
that is independent of complement and inflammatory
cells [9].

The GBM was long considered the main size and
charge-selective filter. Recent studies have provided evi-
dence that the podocyte and especially the slit diaphragms
are important in maintaining the glomerular filtration
barrier [4, 10, 11]. The slit diaphragm may function as the
size-selective barrier, while the negative charges of the
GBM are responsible for the charge-selective barrier [12–
14].

Theoretically, proteinuria may be the result of loss of
GBM-negative charge, detachment of the podocyte from
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Table 2. Slit-pore width and number of foot processes as measured
on electron microscopical sections

Saline ASD-3/41 ASD-37/41

Slit pore width, nm
4 h 41B11
8 h 37B10

24 h 39B7 40B8 28B5a

Foot process, n/Ìm GBM
4 h 1.4B0.5a

8 h 1.2B0.4a

24 h 1.7B0.3 1.9B0.4 0.9B0.3a, b

Day 7 0.5B0.3a, c

BALB/c mice were injected with saline, the non-nephritogenic
combination of two anti-APA mAb (ASD-3/41), or the nephritogenic
combination ASD-37/41 (see Methods). At the indicated time points,
small pieces of renal cortex were processed for electron microscopy.
Mean B SD.
a p ! 0.001 vs. saline and ASD-3/41.
b p ! 0.001 vs. ASD-37/41 at 4 h.
c p ! 0.05 vs. ASD-37/41 at 24 h and p ! 0.001 vs. others.

the GBM, cytoskeleton rearrangements of the podocyte
that influence podocyte and slit-diaphragm geometry, or
functional abnormalities of the slit-diaphragm complex or
the GBM secondary to podocytic injury. Our study pro-
vided no arguments for one of the first three possibilities.
The expression of JM403, an antibody against heparan
sulfate used to characterize GBM-negative charge [15,
16], remained normal, thus suggesting that the acute albu-
minuria is not related to a defect or reduction of GBM-
negative charge. We also did not observe reduced expres-
sion of ·3-integrin or dystroglycan, arguing against
changes in podocyte-GBM adhesion. Of note, detachment
was never observed by electron microscopy. An impor-
tant role for primary cytoskeletal rearrangements is also
unlikely. We only noted aggregation of podocytic actin at
24 h, at a time point albuminuria was declining. There-
fore, these changes are probably a consequence of podo-
cytic foot process effacement or related to preceding
changes in podocin and CD2AP.

Our data point to the slit-diaphragm complex as the
culprit of the increased permeability in our model. We
observed changes in the expression pattern of CD2AP
and podocin as early as 6 h after administration of the
antibodies, the earliest time point that albuminuria was
noted. At this time point, foot process density had de-
creased.

CD2AP and podocin are proteins that are involved in
maintenance of the slit diaphragm. The important role of
the slit-diaphragm constituents in the functioning of the
glomerular filtration barrier has been demonstrated by
the proven relation between abnormalities of the slit-dia-
phragm and podocytic-specific proteins and the develop-
ment of proteinuric renal diseases [4]. Nephrin was the
first protein to be discovered as an essential component of
the slit diaphragm. Nephrin, a protein product of the gene
NPHS1, is a 1241-amino-acid long plasma membrane
protein that is exclusively expressed in the podocytes [17,
18]. Mutations in nephrin are the cause of congenital
nephrotic syndrome of the Finnish type [19]. Nephrin
knockout mice do not develop foot processes and are pro-
teinuric [20]. Intravenous injection of the mAb 5-1-6,
which was recently discovered specific for rat nephrin,
induces an acute, transient proteinuria in rats with efface-
ment of foot processes and displacement of nephrin and
slit diaphragm along the capillary loops [21, 22]. Nephrin
may function as a structural component of the slit dia-
phragm, although recent studies also have disclosed sig-
naling properties [23]. Podocin, a product of the NPHS2
gene, is a member of the stomatin family of proteins and
forms hairloop structures with both the C- and N-termi-
nal of the protein situated in the cytoplasm of the podo-
cytes [24]. Mutations in podocin are associated with
familial autosomal recessive forms of focal glomeruloscle-
rosis in humans [25]. CD2AP (CD2-associated protein)
was originally discovered in lymphocytes as an SH3
domain containing adaptor protein of the CD2 receptor.
CD2AP is also present in podocytes, and CD2AP knock-
out mice showed identical clinical and morphological fea-
tures as nephrin knockout mice [26]. Recent studies have
provided evidence that nephrin, CD2AP and podocin are
closely linked; podocin interacts with nephrin and
CD2AP [27, 28], a cytoplasmic binding partner of neph-
rin. Nephrin and CD2AP are being linked to the actin
cytoskeleton [29] and podocin augmenting the signaling
properties of nephrin [23]. Normal functioning of each
component is necessary for maintaining normal glomeru-
lar permeability.

Our data suggest that binding of the anti-APA mAb
causes alterations in the CD2AP podocin-nephrin com-
plex with resulting changes in the permeability. We did
not observe early changes in the expression of nephrin.
This might be explained by the relatively low specificity of
our anti-nephrin antibody. Alternatively, we must con-
clude that the changes in podocin and CD2AP are most
important. In this respect the recent studies in the Lmx1b
knockout mouse seem relevant [30, 31]. Lmx1b knockout
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mice show phenotypic abnormalities in the glomeruli,
with immature podocytes, a reduced number of foot pro-
cesses and absent slit diaphragms. In these mice, mRNA
and protein levels of podocin are greatly reduced. Also,
changes in CD2AP expression were noted in one study
[30]. Of note, expression of nephrin was normal in these
knockout mice [30, 31].

We have extended our studies in order to find more
convincing evidence for the relationship between albu-
minuria and alterations of the slit-pore complex. At day 7,
albuminuria had decreased more than 20-fold, although
values were still abnormal. The expression of CD2AP was
unaltered, whereas the expression of podocin had slightly
changed toward normal. These observations indicate an
uncoupling between albuminuria and the expression of
CD2AP and podocin, and question the role of alterations
in these slit-pore proteins in the pathogenesis of albumin-
uria. The initial changes in expression of CD2AP and
podocin may be an epiphenomenon, possibly related to
alterations in foot process morphology, i.e. foot process
effacement. However, our morphometric analyses point
to clear discrepancies between podocin and CD2AP stain-
ing and foot process morphology. Despite the enormous
reduction in albuminuria, foot process effacement was
more prominent at day 7. If the observed alterations in
podocin and CD2AP were merely epiphenomena, one
would have expected an even more granular expression
pattern. In contrast, the expression of CD2AP remained
unchanged and the expression of podocin changed toward
normal. How can we reconcile the above-mentioned find-
ings? We suggest the following sequence of events: bind-
ing of anti-APA mAbs to podocytic APA results in injury

or activation of the podocyte, with ensuing changes in slit-
pore structure. As a consequence, albuminuria occurs.
Antibody binding is present for 7 days and more. The slit-
pore structure remains altered, which explains ongoing
albuminuria. However, progressive effacement of the po-
docytic foot process leads to a reduction in the number of
slit pores and thus attenuates albuminuria.

In conclusion, we have found that albuminuria in the
anti-APA model started 6 h after injection of the nephri-
togenic combination of mAb, ASD-37/41. Albuminuria
reached its peak at 8 h, and decreased rapidly thereafter.
Foot process effacement occurred before the onset of
albuminuria and increased until day 7. We also noted ear-
ly changes in the staining pattern of two slit-diaphragm-
associated components, i.e. podocin and CD2AP. The
data suggest that injection of anti-APA mAb results in
albuminuria by causing podocytic alterations at the level
of the slit pore.
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