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CD2AP, a-actinin-4 and podocalyxin are thought
to play an important role in the structure and function
of glomerular podocytes, therefore we intended to
evaluate quantitatively, using computer image analy-
sis system, the immunoexpression of these proteins in
renal biopsy specimens in glomerulopathies presented
with nephrotic syndrome: minimal change disease
(MCD), focal segmental glomerulosclerosis (FSGS)
and nephropathy IgA (IgAN). As a control 10 biopsy
specimens of the kidneys removed because of trauma
were used. In normal kidneys CD2AP, a-actinin-4, and
podocalyxin showed intense staining in podocytes
along the capillary walls of the glomeruli. The intensity
of immunoexpression of CD2AP and a-actinin-4 in re-
nal tissue in patients with MCD, FSGS, and IgAN was
similar to normal controls, but the distribution of these
proteins was more granular in glomeruli of diseased
kidney. The immunostaining of podocalyxin was
weaker in podocytes in patients with FSGS as com-
pared with normal glomeruli. The immunostaining of
podocalyxin was not significantly altered in MCD and
IgAN. The immunostaining of CD2AP and a-actinin-4
did not correlate with the intensity of proteinuria in
patients with MCD, FSGS and IgAN, whilst in FSGS
patients the significant correlation was found between
the glomerular immunostaining of podocalyxin and
proteinuria. In conclusion, revealed in our study di-
minished immunoexpression of podocalyxin and sig-
nificant correlation with the level of proteinuria in
FSGS patients suggests a possible role of this
sialoprotein in the alteration of the glomerular filtra-
tion barrier in this disease.

Introduction

The nephrotic syndrome is almost always caused by a le-
sion primary to the kidney or it may be associated with a sys-
temic diseases. The most frequent causes of the nephrotic
syndrome are minimal change disease and focal segmental
glomerulosclerosis, however approximately 5% to 15% of pa-
tients with IgA nephropathy have nephrotic syndrome. The
presence of massive proteinuria in glomerular diseases is
a marker for a poor prognosis. The manifestation of the ne-
phrotic syndrome includes massive proteinuria, hypoalbu-
minemia, generalized edema, hyperlipidemia and lipiduria.
Certain morphologic changes occur in glomeruli with
proteinuria of any cause. These include effacement of the vis-
ceral epithelial cell foot processes, microvillous transforma-
tion, the appearance of vacuoles and protein resorption
droplets in epithelial cells, detachment of podocytes from the
glomerular basement membrane (GBM). The glomerular
podocyte is the cell primarily responsible for the prevention of
proteinuria in health, and podocyte damage and dysfunction
underlie proteinuria in disease [1, 2, 6, 17]. Impaired forma-
tion of slit diaphragm complex, abnormalities in the GBM or
the adhesive interaction between the podocyte and the GBM,
and abnormalities of the actin cytoskeleton and alterations in
the apical membrane domain of podocytes led to foot process
effacement and proteinuria [18, 20, 22, 25, 27, 29]. Podocytes
produce a specialized repertoire of proteins, which enable
them to assist in establishing and maintaining the glomerular
filtration barrier [25]. CD2-associated protein (CD2AP) acts
as an adapter molecule to bind nephrin carboxy terminal do-
main, which serves to link the slit diaphragm to the podocyte
cytoskeleton [16, 23]. The podocyte foot processes contain an
actin-based cytoskeleton. Binding of a-actinin-4 to the cyto-
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plasmic domain of B 1-integrin subunit of the a3 1 complex is
though to be important in anchoring actin microfilaments of
podocyte foot processes to the GBM [19]. The usual
pathophysiologic basis of proteinuria lies in loss of the normal
negative charge of the glomerular capillary wall. On the
luminal side, podocytes are equipped with glycocalyx, which
is mostly made of podocalyxin and contributes to negative
charge of the filtration barrier [12]. Podocalyxin is of critical
importance for the formation and preservation of the charac-
teristic cellular architecture of podocytes [20, 27]. Thus, the
aim of the study was to evaluate the immunoexpression of
CD2AP, a-actinin-4 and podocalyxin in renal biopsy speci-
mens in patients with several acquired glomerulopathies with
nephrotic syndrome. We also investigated whether the
immunoexpression of the proteins studied were related to
clinical parameters.

Material and Methods

Patients

Kidney tissue biopsies were obtained for diagnostic pur-
poses percutaneously from 12 patients (9 males and 3 females,
aged 4-26, mean age=6) with minimal change disease
(MCD), 14 patients (8 males and 6 females, aged 9-39, mean
age=26) with focal segmental glomerulosclerosis (FSGS),
and 11 patients (7 males and 4 females, aged 17-37, mean
age=24) with IgA nephropathy (IgAN). Laboratory data in-
cluding urinalysis, 24h-protein excretion and serum creatinine
level were collected from each patient. At the time of biopsy
all patients presented nephrotic syndrome. Renal function im-
pairment was noted in one patient with FSGS and in one pa-
tient with IgAN. In all cases diagnosis of glomerulonephritis
was based on characteristic findings by light microscopy (sec-
tions stained with hematoxylin and eosin, Masson trichrome,
Jones’ silver impregnation and periodic acid-Schiff followed
by alcian blue), immunofluorescence and electron microscopy
using standard protocols. In all patients with glomerulopathies
foot process effacement was identified by electron micros-
copy. Classification of the histopathological lesions refers to
that of the World Health Organization [4]. As a control 10 bi-
opsy specimens of the kidneys removed because of trauma
were used. None of the persons from control group was
known to have had previous or actual renal disease. Before the
quantitative examination was carried out, all control speci-
mens had been histologically examined by an experienced
nephropathologists and found to be a normal renal tissue.

Immunohistochemistry

Paraffin sections were mounted onto superfrost sli-
des, deparaffinized, then treated in a microwave oven in
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a solution of citrate buffer, pH 6.0 for 20 min and trans-
ferred to distilled water. Endogenous peroxidase activity
was blocked by 3% hydrogen peroxide in distilled water
for 5 min, and then sections were rinsed in Tris-buffered
saline (TBS, DakoCytomation) and incubated overnight
with polyclonal goat anti-human CD2AP antibody (dilu-
tion 1:150, Santa Cruz Biotechnology Inc), monoclonal
mouse anti-human a-actinin-4 antibody (dilution 1:100,
Chemicon Int.), monoclonal mouse anti-human podoca-
lyxin antibody (dilution 1:40, Chemicon Int.). Afterwards
LSAB+/HRP Universal Kit (DakoCytomation) was used
prepared according to the instructions of the manufac-
turer. Visualization was performed by incubating the sec-
tions in a solution of 0.5 mg 3,3’-diaminobenzidine
(DakoCytomation) per ml Tris-HCI buffer (DakoCyto-
mation), pH 7.6, containing 0.02% hydrogen peroxide, for
10 min. After washing, the sections were counter-stained
with hematoxylin and coversliped. Negative controls
were carried out by incubation in the absence of the pri-
mary antibody and always yielded negative results.

Morphometry

Histological morphometry was performed by means
of image analysis system consisting of a IBM-compatible
computer equipped with an optical mouse, Indeo Fast card
(frame grabber, true-color, real-time), produced by Indeo
(Taiwan), and color TV camera Panasonic (Japan) linked
to a Carl Zeiss Jenaval microscope (Germany). This sys-
tem was programmed (program MultiScan 8.08, produced
by Computer Scanning Systems, Poland) to calculate the
surface area of a structure using stereological net (with
regulated number of points). The colored microscopic im-
ages were saved serially in the memory of a computer, and
then quantitative examinations were carried out. The glo-
merular immunoexpression of CD2AP, podocalyxin and
a-actinin-4 were measured using point counting method,
which is an adaptation of the principles of Weibel [28].
The point spacing was 16 pm. Total numbers of the points
of anetwas 169, and total area was 36864 sq. um. The per-
centage of CD2AP, podocalyxin and a-actinin-4 staining
was an expression of the number of points overlying these
structures as a percentage of the total points overlying to-
tal glomerular area.

Statistical methods

Differences between groups were tested using unpaired
Student’s t-test preceded by evaluation of normality and
Levene’s test. The Mann-Whitney U test was used where
appropriate. Correlation coefficients were calculated using
Spearman’s method. Results were considered statistically
significant if p<0.05.
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Results

The data of the immunoexpression of CD2AP,
a-actinin-4, and podocalyxin are shown in Table 1. In nor-
mal kidneys CD2AP, a-actinin-4, and podocalyxin
showed intense staining in podocytes along the capillary
walls of the glomeruli (Fig. 1). The intensity of
immunoexpression of CD2AP and a-actinin-4 in renal tis-
sue in patients in the glomerulopathies studied were simi-
lar to the normal controls, but the distribution of these

TABLE 1

The immunoexpression of CD2AP, a-actinin-4 and podo-
calyxin in renal tissue in patients with MCD, FSGS, IgAN pre-
sented with nephrotic syndrome and in normal controls

CD2AP a-actinin-4 | Podocalyxin
MCD (n=12) 24.05+11.83 | 24.33+11.07 9.51+5.04
FSGS (n=14) 25.21+13.72 | 22.67+9.08 6.05+4.87*
IgAN (n=11) 30.25+€12.23 | 30.40+10.40 11.37+6.91
Controls (n=10) 22.59+9.77 | 28.14+11.12 12.06+8.16

3
p<0.04
Data are expressed as percentage of glomerular area + standard deviation

proteins was more granular and dispersed in glomeruli of
diseased kidney. Statistical analysis did not reveal signifi-
cant differences between the glomerular immunostaining
of CD2AP and a-actinin-4 in renal tissue in patients with
MCD, FSGS and IgAN and in normal controls. The
immunostaining of podocalyxin (Fig. 2) was weaker in

TABLE 2

Fig. 1. The immunostaining of podocalyxin in normal glomerulus.
Magn. 400x%.

Fig. 2. Weak and granular immunoexpression of podocalyxin
in glomerulus in patient with FSGS. Magn. 400x.

The correlations between the glomerular immunostaining of CD2AP, a-actinin-4, podocalyxin and the serum creatinine levels
in patients with MCD, FSGS and IgAN presented with nephrotic syndrome

Correlations between: MCD

FSGS IgAN

CD2AP and serum creatinine r=0.14, p=0.66, (NS)

1=-0.06, p=0.83, (NS) =0.31, p=0.35, (NS)

a-actinin-4 and serum creatinine r=0.51, p=0.09, (NS)

1=0.25, p=0.35, (NS) 1=0.17, p=0.61, (NS)

Podocalyxin and serum creatinine r=0.11, p=0.73, (NS)

=0.19, p=0.51, (NS) 1=0.09, p=0.79, (NS)

TABLE 3

The correlations between the glomerular immunoexpression of CD2AP, a-actinin-4, podocalyxin and proteinuria in patients

with MCD, FSGS and IgAN presented with nephrotic syndrome

Correlations between: MCD

FSGS IgAN

CD2AP and proteinuria r=-0.03, P=0.96, (NS)

1=0.24, P=0.41, (NS) r=0.07, P=0.84, (NS)

o-actinin-4 and proteinuria r=0.21, P=0.51, (NS)

r=0.42, P=0.13, (NS) r=0.04, P=0.90, (NS)

Podocalyxin and proteinuria r=-0.12, P=0.71, (NS)

r=-0.58, P<0.03 r=0.22, P=0.51, (NS)
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podocytes in renal biopsy specimens in patients with
FSGS as compared with normal glomeruli (p<0.04).
Moreover, in FSGS podocalyxin protein was detected in
podocytes in the granular pattern. The immunostaining of
podocalyxin was not significantly altered in MCD and
IgAN as compared with controls. There were no correla-
tions between glomerular immunoexpression of all the
proteins studied and serum creatinine levels (Table 2).
The immunostaining of CD2AP and a-actinin-4 did not
correlate with the intensity of proteinuria in patients with
MCD, FSGS and IgAN. In FSGS patients the significant
correlation was found between the glomerular immuno-
staining of podocalyxin and proteinuria (p<0.03), whereas
the immunoexpression of podocalyxin was not related to
the intensity of proteinuria in MCD and IgAN patients
(Table 3).

Discussion

In last years a lot of studies concerned the slit dia-
phragm proteins: nephrin and podocin in glomerulopathies
presented with nephrotic syndrome, thus in the present
study we focused on the evaluation of the immuno-
expression of podocyte-associated molecules: CD2AP,
a-actinin-4 and podocalyxin in normal and diseased glo-
meruli. It is well known that podocalyxin, the major
sialoprotein of glomerular epithelial cells, helps maintain
the characteristic architecture of the foot processes and the
patency of filtration slits [27]. Our study revealed a remark-
able reduction in podocalyxin immunostaining in the renal
tissue in FSGS patients, moreover the immunoexpression of
podocalyxin in FSGS patients correlated with the level of
proteinuria. On the other hand, we failed to find any diffe-
rences in the intensity of podocalyxin immunostaining in
MCD, IgAN patients and controls. The immunoexpression
of podocalyxin was not related to the level of proteinuria in
these patients. However, it is noteworthy that we observed
the granular distribution pattern of podocalyxin within glo-
meruli in diseased kidneys. In concordance to our findings,
Koop et al. [14] observed reduced glomerular podocalyxin
expression in most proteinuric diseases as compared with
controls. These authors suggest that uncoupling of podo-
calyxin from the actinin cytoskeleton is a result of rear-
rangements of the cytoskeleton [14]. In contrary to our
study Ostalska-Nowicka et al. [21] did not found statistical
differences in the expression of podocalyxin in patients with
submicroscopic glomerulonephritis, FSGS, diffuse mesan-
gial proliferation and controls. They concluded that in pri-
mary glomerulopathies in children the abnormal
distribution of sialoprotein within the podocyte coat is not
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the main pathological sign. However, experimental study
revealed that in puromycin aminonucleoside nephrosis, loss
of the foot process organization is associated with reduction
in the sialic acid content of podocalyxin to one-third of nor-
mal [13]. Recently, it has been found that deletion of the
podocalyxin gene in the mouse results in neonatal lethality
and failure to form foot processes in the homozygote [5],
similarly, mice lacking CD2AP exhibit a nephrotic syn-
drome that resembles the congenital form of nephrosis due
to nephrin mutations and die of renal failure within 2 months
from birth [24]. The cytoplasmic domain of podocalyxin is
linked to the actin cytoskeleton by ezrin, which is concen-
trated on the cytoplasmic side of the apical domain of the
plasma membrane along the cell bodies and foot processes
of glomerular epithelial cells [20]. In our study all patients
with glomerulopathies presented with nephrotic syndrome
and foot process effacement was identified by electron mi-
croscopy, meanwhile the glomerular immunoexpression of
podocyte-associated proteins: CD2AP and a-actinin-4 in
diseased kidneys did not differ in comparison to controls.
Moreover, the immunoexpression of CD2AP and a-acti-
nin-4 did not correlate with the level of proteinuria. In all the
groups studied there were no correlations between glomeru-
lar immunoexpression of podocyte-associated proteins and
serum creatinine levels. In concordance to our results,
Gagliardini et al. [7] found that the staining of CD2AP did
not differ among patients with MCD, FSGS, IgAN and con-
trols. Similarly to us, Koop et al. [14] did not show differ-
ences in CD2AP protein expression between patients
groups and controls. It is suggested that upon damage to the
podocyte, the binding of CD2AP with nephrin and podocin
is disconnected, whereas CD2AP itself remains attached to
the actin cytoskeleton [30]. In nephrotic renal glomeruli,
concomitant with the loss of podocytic foot processes a re-
organization of the podocytic skeleton and the concentra-
tion of some of its elements into thick uniform bands was
observed and actinin and a-actinin-4 were revealed in these
bands [15]. a-actinins are actin-binding proteins and can at-
tach the actin bundle to the podocyte membrane [3].
a-actinin is localized mainly at the podocyte in the kidney,
especially in the foot process [15]. In humans, ACTN4 mu-
tations cause a form of FSGS characterized by a dominant
pattern of inheritance with focal podocyte abnormalities,
non-nephrotic levels of proteinuria and slowly progressive
adult-onset disease leading to significant renal failure at
adulthood [11]. To now there is not clear if alteration of
o-actinin-4 expression or conformation is a cause or media-
tor of secondary forms of kidney disease, however in exper-
imental study injection of puromycin aminonucleoside
resulted in marked induction of glomerular o-actinin in-
crease, which preceded development of podocyte foot pro-
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cesses effacement and proteinuria [26]. Guan et al. [9]
revealed that a-actinin intensity increased and its distribu-
tion changed when proteinuria disappeared, so they con-
cluded that the delayed a-actinin induction might be
areparative response. In concordance to our study, Goode et
al. [8] observed similar expression of a-actinin-4 in MCD
and normal glomeruli. Similarly to us, Guan et al. [10] failed
to reveal significant differences in the expression of
a-actinin-4 among patients with MCNS, IgAN, mesangial
proliferative glomerulonephritis presented with nephrotic
syndrome, hematuria and control group however, in patients
with nephrotic syndrome abnormal glomerular distribution
of podocyte-associated proteins was observed.

In conclusion, diminished immunoexpression of podo-
calyxin and the significant correlation with the level of
proteinuria in FSGS patients revealed in our study suggest
a possible role of this sialoprotein in the alteration of the
glomerular filtration barrier in this disease. Abnormal distri-
bution of podocyte-associated proteins observed in all pa-
tients with glomerulopathies presented with nephrotic
syndrome may be related to the structural changes in the
glomerular podocyte foot processes.
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