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SUMMARY

Background and objectives: Synaptopodin is protein of podocytes, and a part of the
actin-based contractile apparatus of foot-processes. Recently, proteins expressed by the
podocyte were found to be important for the integrity of the glomerular filtration barrier.
Podocytes are injured in many forms of glomerulopathies, including minimal change di-
sease (MCD) and focal segmental glomerulosclerosis (FSGS). The study was underta-
ken to determinate if synaptopodin immunoexpression in renal tissue specimens differs
between patients with steroid-responsive MCD, steroid-resistant MCD, and FSGS. Met-
hods: Synaptopodin immunoexpression was evaluated by immunoperioxidase staining
with a mouse anti-human monoclonal antibody in 12 renal biopsy specimens in pa-
tients with steroid-responsive MCD, 10 renal tissues in steroid-resistant MCD, and in 14
renal biopsy specimens in patients with FSGS. As a control 10 tissue specimens of the
kidneys removed because of trauma were used. Synaptopodin expression was quanti-
fied as a percentage of glomerular tuft by computerized image analysis system. Results:
In normal controls synaptopodin immunoexpression was seen in podocytes along the
glomerular basement membrane in a finely linear pattern. No changes were found in sy-
naptopodin immunoexpression in steroid-responsive MCD versus controls. In patients
with steroid-resistant MCD and FSGS a granular pattern of synaptopodin immunoex-
pression was seen. Areas of sclerosis in patients with FSGS did not demonstrate synap-
topodin expression. Statistical analysis showed significantly diminished synaptopodin
immunoexpresion in glomeruli in patients with steroid-resistant MCD and FSGS as com-
pared with steroid-responsive MCD group and controls. Moreover, in renal tissues in pa-
tients with FSGS the immunoexpression of synaptopodin was decreased in comparison
with renal biopsies in patients with steroid-resistant MCD. In conclusions, our results
suggest that abnormal distribution and reduced expression of synaptopodin may be as-
sociated with poor response to steroid therapy in MCD and FSGS.

Key words: Synaptopodin. Minimal change disease. Focal segmental glomeru-
losclerosis.

INMUNOEXPRESIÓN DE LA SINAPTODINA EN LA ENFERMEDAD
DE CAMBIOS MÍNIMOS RESPONDEDORA Y RESISTENTE A ESTEROIDES 

Y EN LAGLOMERULOSCLEROSIS FOCAL Y SEGMENTARIA

RESUMEN

Antecedentes y objetivos: la sinaptopodina es una proteína de los podocitos y una
parte del aparato contráctil basado en la actina de los procesos pediculados. Reciente-
mente, se encontró que las proteínas expresadas por los podocitos son importantes
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para la integridad de la barrera de filtración glomerular. Los podocitos pueden verse da-
ñados en muchas formas de glomerulopatías, incluyendo la enfermedad de cambios
mínimos (ECM) y la glomerulosclerosis focal y segmentaria (GEFS). Este estudio se rea-
lizó para determinar si la inmunoexpresión de sinaptopodina en muestras de tejido
renal difiere entre los pacientes con ECM respondedora a esteroides, ECM resistente a
esteroides, y la GEFS. Métodos: la inmunoexpresión de sinaptopodina se evaluó me-
diante tinción de inmunoperoxidasa con un anticuerpo monoclonal anti-humano de
ratón en 12 muestras de biopsia renal de pacientes con ECM respondedora a esteroi-
des, 10 muestras renales de ECM resistente a esteroides, y en 14 muestras de biopsia
renal de pacientes con GEFS. Se tomaron como controles 10 muestras tisulares de riño-
nes extirpados por traumatismo. La expresión de sinaptopodina se cuantificó como el
porcentaje de penacho glomerular mediante un sistema de análisi de la imagen compu-
terizada. Resultados: en los contorles normales, la inmunoexpresión de sinaptopodina
se vio en los podocitos a lo largo de la membrana basal glomerular en un patrón final-
mente granular. No se observaron cambios en la inmunoexpresión de sinaptopodina en
la ECM respondedora a esteroides frente a los controles. En pacientes con ECM resis-
tente a esteroides y GEFS, se vio un patrón granular de inmunoexpresión de sinaptopo-
dina. Las áreas de esclerosis en los pacientes con GEFS no mostraron expresión de si-
naptopodina. El análisis estadístico mostró una inmunoexpresión de sinaptopodina
significativamente disminuida en los glomerulos de pacientes con ECM resistente a este-
roides y con GEFS en comparación con los grupos de ECM respondedora a esteroides y
control. Además, en los tejidos renales de pacientes con GEFS, la inmunoexpresión de
sinaptopodina estaba disminuida en comparación con las biopsias renales de pacientes
con ECM resistente a esteroides. En conclusión, nuestros resultados sugieren que la dis-
tribución anormal y la expresión reducida de sinaptopodina podrían estar asociadas
con una respuesta escasa al tratamiento con corticoides en la ECM y la GEFS.

Palabras clave: Sinaptopodina. Enfermedad de cambios mínimos. Glomerulos-
clerosis focal y segmentaria.

INTRODUCTION

The glomerular podocyte is the cell primarily res-
ponsible for the prevention of proteinuria. It is gene-
rally accepted that albuminuria is a consequence of
changes in podocyte integrity due to cytoskeletal rea-
rrangement causing alteration of slit diaphragm or
functional abnormalities of slit pore complex.1 Po-
docytes are injured in many forms of glomerulopat-
hies, including minimal change disease (MCD) and
focal segmental glomerulosclerosis (FSGS), and both
these glomerulopathies are the major cause of idio-
pathic nephrotic syndrome. Corticosteroids in doses
of 60 mg/m2/day produce remission of nephrotic syn-
drome by 8 weeks in 90-95% of children with MCD,
but the response in adults is slower, and only 75-85%
of adults achieve remission by 8 weeks of prednisone
therapy.2, 3 By contrast, 75% of FSGS patients are ste-
roid nonresponders. Steroid-resistant patients with
FSGS are offered alternative therapy in the form of cy-
clophosphamide and cyclosporine. Most investigators
consider MCD and FSGS to be related entities that lie
along a clinical-pathologic continuum.4 The strongest
evidence supporting the relatedness of the two le-

sions comes from experimental models of MCD and
FSGS caused by different severities of injury by the
same toxic factors and the identification of a circula-
ting permeability factor in both conditions.5 MCD is
considered the quintessential podocyte disease, be-
cause of the presence of severe podocyte abnormali-
ties, and the absence of other glomerular alterations.
In FSGS there is usually complete effacement of foot
processes, podocyte detachment from the tuft, ac-
companied by podocyte alterations that include hy-
pertrophy, increased organellar content and focal
microvillous transformation. Recently, proteins ex-
pressed by the podocyte were found to be important
for the integrity of the glomerular filtration barrier.6-8

Podocyte proteins include nephrin, podocin, podo-
calyxin, synaptopodin, CD2-associated protein, P-
cadherin and α-actinin-4. Synaptopodin is proline-
rich 74-kDa protein of mature podocytes, where is a
part of the actin-based contractile apparatus of foot-
processes.9 It is postulated that synaptopodin modu-
late shape and motility of the podocyte foot-proces-
ses.10 In the current study we investigated the pattern
of immunoexpression of synaptopodin in renal
biopsy specimens in MCD and FSGS and examined
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whether synaptopodin immunoexpression differs bet-
ween patients with steroid-responsive MCD, steroid-
resistant MCD, and steroid-resistant FSGS.

PATIENTS AND METHODS

Kidney tissue biopsies were obtained for diagnostic
purposes percutaneously from 12 patients (7 males and
5 females, aged 13-35, mean age = 21.5) with steroid-
responsive minimal change disease, 10 patients (8
males and 2 females, aged 23-45, mean age = 27.7)
with steroid resistant minimal change disease, and 14
patients (8 males and 6 females, aged 26-47, mean age
= 35.7) with focal segmental glomerulosclerosis not ot-
herwise specified (table I). No systemic diseases were
found in these patients based on clinical and labora-
tory examinations. All biopsies were taken after institu-
tion of therapy. In all patients with FSGS poor response
to steroid therapy was documented. The standard defi-
nition for response to steroid therapy was used.11, 12 All
patients had two years of follow-up from the primary
diagnosis to ascertain to response to steroid therapy.
Patients with steroid resistant MCD and FSGS had re-
ceived in addition cyclophosphamide. Laboratory data
including urinalysis, 24 h protein excretion and serum
creatinine level were collected from each patient. At
the time of biopsy all patients presented nephrotic syn-
drome, and the diffuse podocyte foot process efface-
ment was identified by electron microscopy. Renal
function impairment was noted in 2 patients with
FSGS. In all cases diagnosis of glomerulonephritis was
based on characteristic findings by light microscopy
(sections stained with Hematoxylin and Eosin, Masson-
Trichrome, Jones’ silver impregnation and periodic
acid-Schiff followed by Alcian Blue), immunofluores-

cence, and electron microscopy using standard proto-
cols. Classification of the histopathological lesions re-
fers to that of the World Health Organization.13 All
biopsy specimens from patients with FSGS contained
more than 5 nonsclerosed glomeruli. All biopsy speci-
mens from patients with steroid-responsive as well ste-
roid-resistant MCD contained at least 10 glomeruli. As
a control 10 tissue specimens of the kidneys removed
because of trauma were used (7 males and 3 females
aged 22-49, mean age = 34.5). None of the persons
from control group were known to have had previous
or actual renal disease. Before the quantitative exami-
nation was carried out, all control specimens were
examined in microscope by an experienced nephro-
pathologists 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 a solution of citrate buffer, pH 6.0 for 20 min and
transferred to distilled water. Endogenous peroxidase
activity was blocked by 3% hydrogen peroxide in disti-
lled water for 5 min, and then sections were rinsed in
Tris-buffered saline (TBS, DakoCytomation) and incu-
bated overnight with monoclonal mouse anti-human
synaptopodin antibody (Progen, Biotechnik, GmbH,
clone C1D4, dilution 1:50). Afterwards LSAB+/HRP
Universal Kit (DakoCytomation) prepared according to
the instructions of the manufacturer were used. Visuali-
sation was performed by incubating the sections in a
solution of 0.5 mg 3,3’-diaminobenzidine (DakoCyto-
mation) per ml Tris-HCl buffer (DakoCytomation), pH
7.6, containing 0.02% hydrogen peroxide, for 10 min.
After washing, the sections were counter-stained with

Table I. Clinical data as well as synaptopodin immunoexpression in patients with steroid-responsive MCD,
steroid-resistant MCD, FSGS and in normal controls

Age Gender
Serum

Proteinuria
Synaptopodin

Diagnostic groups N
(years) m/f

creatinine
g/24 h ± SD

immunoexpression
mg/dl ± SD (%)

Controls 10
22-49

7/3 – – 39.8 ± 5.9
mean age = 34.5

Steroid-responsive MCD 12
13-35

7/5 1.04 ± 0.15 6.59 ± 3.22 31.1 ± 13.6*
mean age = 21.5

Steroid-resistant MCD 10
23-45

8/2 1.13 ± 0.22 7.13 ± 4.63 18.4 ± 8.7**
mean age = 27.7

FSGS 14
26-47

8/6 1.38 + 0.81 5.27 ± 2.20 10.2 ± 7.9***
mean age = 35.7

Data of the immunoexpression of synaptopodin are expressed as percentage of glomerular tufts ± standard deviation.
* steroid-responsive MCD vs steroid-resistant MCD, P < 0.02. ** steroid resistant MCD vs FSGS, P < 0.03. ** steroid-resistant MCD vs controls. *** FSGS
vs steroid-responsive MCD, P < 0.001. *** FSGS vs controls, P < 0.001.



hematoxylin and coverslipped. Negative controls were
carried out by incubation in the absence of the primary
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-colour, real-time), produced by
Indeo (Taiwan), and colour TV camera Panasonic (Japan)
linked to a Carl Zeiss Jenaval microscope (Germany).
This system was programmed (program MultiScan 8.08
software by Computer Scanning Systems, Poland) to cal-
culate the surface area of a structure using stereological
net (with regulated number of points). The coloured mi-
croscopic images were saved serially in the memory of a
computer, and then quantitative examinations had been
carried out. The immunoexpression of synaptopodin was
measured in nonsclerosed glomeruli using point coun-
ting method which is an adaptation of the principles of
Weibel.14 The point spacing being 16 µm. Total numbers
of the points of a net was 169, and total area was 36,864
staining was an expression of the number sq. mm. The
percentage of synaptopodin staining was an expression
of the number of points overlying, these structures as a
percentage of the total points overlying total tuft area.

Statistical methods

Differences between groups were tested using un-
paired Student’s t-test preceded by evaluation of nor-
mality and Levene’s test. The Mann-Whitney U test
was used where appropriate. Results were considered
statistically significant if p < 0.05.

RESULTS

The data of the immunoexpression of synaptopodin
are shown in table I. In normal kidneys immunohisto-
chemistry revealed intense linear staining of synapto-
podin in podocytes along the capillary walls (fig. 1).
The pattern and intensity of immunoexpression of sy-
naptopodin in glomeruli in patients with steroid-res-
ponsive MCD were similar that in normal controls (P
= 0.07, NS) Synaptopodin was detected in podocytes
in the granular pattern in glomeruli in patients with
steroid-resistant MCD and FSGS (fig. 2 and fig. 3).
Areas of glomerular sclerosis in patients with FSGS
did not demonstrate synaptopodin expression. The
immunostaining of syanaptopodin was significantly
decreased in steroid-resistant MCD and FSGS patients
as compared with steroid-responsive MCD and
controls (steroid-resistant MCD vs steroid-responsive
MCD, P < 0.02; steroid-resistant MCD vs controls, P
< 0.001, FSGS vs controls, P < 0.001). Moreover, sta-
tistical analysis revealed differences in the intensity of
synaptopodin immunoexpression between MCD ste-
roid-resistant and FSGS patients (P < 0.03).

DISCUSSION

Recently, a great progress has been made in the un-
derstanding of the podocyte biology in human diseases
and in the molecular structure of the glomerular filtra-
tion barrier.15, 16 It is though that podocytes plays an im-
portant role in the maintance of renal glomerular func-
tion and in the final pathway to glomerulosclerosis. In
the last years, a lot of studies focused on altered expres-
sion of podocyte slit diaphragm proteins in several glo-
merulopathies presented with massive proteinuria;17-19

whereas observations regarding the immunoexpression
of synaptopodin in diseased kidney are rather scanty. To
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Fig. 1.—Strong linear synaptopodin staining in glomerular po-
docytes in normal controls. Magn. 400x.

Fig. 2.—Granular staining of synaptopodin in podocytes in renal
biopsy in patient with steroid-resistant minimal change disease.
Magn. 400x.



our knowledge no data documented synaptopodin ex-
pression in older patients. Synaptopodin is the member
of a novel class actin-associated proteins expressed in
highly dynamic cell compartment such a telencephalic
dendrites and foot processes renal podocytes.10 This
protein is believed to play a crucial role in the normal
blood-filtering mechanism of the kidney. It is well
known that in nephrotic renal glomeruli, concomitant
with the loss of podocytic foot processes a reorganiza-
tion of the podocytic skeleton is observed. Moreover
epithelial cell injury and dedifferentiation are important
in the pathomechanism of proteinuria in FSGS. All pa-
tients in our study presented nephrotic syndrome and in
electron microscopy examination diffuse effacement of
podocyte processes was seen. It was elucidated that sy-
naptopodin exists in 3 isoforms: neuronal Synpo-short,
renal-Synpo long and Synpo-T. All 3 isoforms specifi-
cally interact with alpha-actinin and elongate alpha-ac-
tinin-induced actin filaments.20 Taken into considera-
tion the role of synaptopodin in stabilization of
podocyte architecture we hypothesized that in MCD
and FSGS the distribution of this molecule may be alte-
red. In contrary to our hypothesis we found that the pat-
tern of distribution and intensity of the immunoexpres-
sion of synaptopodin on podocytes was similar in
steroid-responsive MCD and in normal controls. Howe-
ver, in patients with steroid-resistant MCD and FSGS a
distinctly granular pattern to synaptopodin immunoex-
pression was seen. On the other hand, areas of sclerosis
in patients with FSGS did not demonstrate synaptopo-
din expression. We did observe a significantly decrease
in synaptopodin immunoexpresion on podocytes in pa-
tients with steroid-resistant MCD and FSGS as compa-
red with steroid-responsive MCD group and controls.
We speculate that diminished expression of synaptopo-
din in steroid-resistant MCD and FSGS may depend on
greater degree of podocyte architecture lesions or func-
tional changes in podocyte foot processes in these
cases. In study of Asanuma et al.20 the ultrastructure of
podocytes in synaptopodin deficient (synpo-/-) mice
was normal, however synpo-/- podocytes showed im-
paired actin filament formation in vitro. In collapsing
forms of FSGS including idiopathic FSGS and HIV-asso-
ciated nephropathy marked reduction of synaptopodin
expression was noted.21 In contrary, Smeets et al.22 in
experimental model of FSGS did not observe major
changes in the expression pattern of podocyte-associa-
ted and slit pore proteins, including synaptopodin,
whilst a reduction in number of podocytic foot proces-
ses and significant decrease in width of remaining slit
pores were found. In study of Strivastava et al.23 in idio-
pathic nephrotic syndrome in children, synaptopodin
expression decreased in order from minimal change di-
sease to diffuse mesangial hypercellularity, and to focal
segmental glomerulosclerosis, reaching statistical signi-

ficance between MCD and FSGS. Similar observation
was made by Ostalska-Nowicka et al.24 in nephrotic
syndrome glomerulopathies in children. Up to day, the
pathomechanism of MCD and FSGS is not fully unders-
tood. In pathogenesis of several forms of FSGS genetic
mutation are taken into consideration.25-27 Huber et
al.28 explored whether combinations of heterozygosity
for different podocyte-relevant genes would increase
the risk for FSGS. These authors found that bigenic hete-
rozygosity of Cd2ap with signaling protein Fyn proto-
oncogene (Fyn) or the long isophorm of actin bundling
protein synaptopodin (Synpo) resulted in a significantly
increased incidence of proteinuria and pathological
changes consisted with FSGS in mice. 

In MCD and FSGS patients, besides of the lot clinical
and histological parameters studied, it is not possible to
predict a response to administrated steroids. Srivastava
et al.23 found that greater synaptopodin expression in
podocytes was associated with a significantly better res-
ponse to steroid therapy in idiopathic nephritic syndro-
me of childhood. Ostalska-Nowicka et al.24 observed
diminished synaptopodin expression in steroid-resistant
diffuse mesangial proliferation and focal segmental
sclerosis in children. Our results are in concordance
with these observations, but it must be taken into consi-
deration that mentioned above findings regards to
nephrotic syndrome glomerulopathies in children. Our
study groups consisted essentially of young adults, and
the oldest patient in steroid-responsive MCD was 35
years, in steroid-resistant MCD -45 years and 47 years
in FSGS. It is though that, the long-term prognosis for
children with steroid-responsive MCD is very good, ho-
wever relapses may occur for many years, commonly
until puberty.11 Although most adults with MCD res-
pond to steroid therapy, the response rate appears to be
lower and remission slower to develop than in chil-
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Fig. 3.—Week and granular staining of synaptopodin in podocy-
tes in renal biopsy specimen in patient with focal segmental glo-
merulosclerosis. Magn. 400x.



dren.2, 29 FSGS is poorly responsive to prednisone the-
rapy; however the prognosis and response to therapy of
FSGS are similar in children and adults.11 Although our
results suggest relationship between synaptopodin im-
munoexpression on podocytes and the response to ste-
roid therapy in MCD and FSGS, it needs further investi-
gations on more numerous patients groups. It is
possible that in steroid-resistant MCD and FSGS structu-
ral podocyte lesions are irreversible in contrary to po-
docyte injury noted in steroid-responsive MCD. 

In conclusions, our results revealed diminished im-
munoexpression of synaptopodin in steroid-resistant
MCD and FSGS as compared with steroid-responsive
MCD and controls. We suggest that abnormal distri-
bution and reduced expression of synaptopodin may
be associated with poor response to steroid therapy in
MCD and FSGS.

ACKNOWLEDGEMENTS

This work was supported by Medical University of
Lodz, grant 502-16-267.

REFERENCES

1. Asanuma K, Mundel P: The role of podocytes in glomerular
pathology. Clin Exp Nephrol 7(4): 255-259, 2003. 

2. Nolasco F, Cameron JS, Heywood EF, Hicks J, Ogg C, Wiliams
DG: Adult-onset minimal change nephritic syndrome: a long-
term follow-up. Kidney Int 29: 1215-1223, 1986. 

3. Nakayama M, Katafuchi R, Yanase T, Ikeda K, Fujimi S: Steroid
responsiveness and frequency of relapse in adult-onset mini-
mal change nephrotic syndrome. Am J Kid Dis 39(3): 503-
512, 2002. 

4. Fogo AB: Minimal change disease and focal segmental glome-
rulosclerosis. Neprol Dial Transplant 16(Supl. 6): 74-76, 2001. 

5. Bertani T, Poggi A, Pozzoni R, Delaini F, Saccchi G, Thoua Y,
Mecca G, Remuzzi G, Donati MB: Adriamycin-induced neph-
rotic syndrome in rats: sequence of pathologic events. Lab In-
vest 46: 16-23, 1982. 

6. Endlich K, Kriz W, Witzgall R: Update in podocyte biology.
Curr Opin Nephrol Hypertension 10: 331-340, 2001. 

7. Schwarz K, Simons M, Reiser J, Saleem MA, Faul C, Kriz W,
Shaw AS, Holzman LB, Mundel P: Podocin, a raft-associated
component of the glomerular slit diaphragm, interact with
CD2AP and nephrin. J Clin Invest 108: 1621-1629, 2001.

8. Koop K, Eikmans M, Baelde HJ, Kawachi H, De Heer E, Paul
LC, Bruijn JA: Expression of podocyte associated molecules in
acquired human kidney diseases. J Am Soc Nephrol 14: 2063-
2071, 2003.

9. Mundel P, Gilbert P, Kriz W: Podocytes in glomerulus of rat
kidney express a characteristic 44 KD protein. J Histochem
Cytochem 39: 1047-1056, 1991. 

10. Mundel P, Heid HW, Mundel TM, Kriger M, Reiser J, Kriz W: Sy-
naptopodin: an actin-associated protein in telencephalic dendri-
ties and renal podocytes. J Cell Biol 139: 193-204, 1997. 

11. Tune BM, Mendoza SA: Treatment of idiopathic nephritic syn-
drome: regimens and outcomes in children and adults. J Am
Soc Nephrol 8(5): 824-832, 1997. 

12. Report of International Study of Kidney Disease in Children.
The primary nephrotic syndrome in children. Identification of
patients with minimal change nephrotic syndrome from initial
response to prednisone. J Pediatr 98: 561-564, 1981. 

13. Churg J, Bernstein J, Glassock RJ: Renal disease. Classification
and atlas of glomerular diseases. Igaku-Shoin, New York,
Tokyo, pp. 45-65, 1995. 

14. Weibel ER: Point counting methods In: Weibel ER, Stereologi-
cal Methods Vol 1 Academic Press, London, New York, Toron-
to, Sydney, San Francisco, pp. 101-159, 1979. 

15. Levidiotis V, Power D: New insight into molecular biology of
the glomerular filtration barrier and associated disease. Neph-
rology 10: 157-166, 2005. 

16. De Zoysa JR, Topham PS. Podocyte biology in human disease.
Nephrology 10: 362-367, 2005. 

17. Kawachi H, Miyauchi N, Suzuki K, Gi Dong H, Orikasa M,
Shimizu F. Role of podocyte slit diaphragm as a filtration ba-
rrier. Nephrology 11: 274-281, 2006.

18. Guan N, Ding J, Zhang J, Yang J: Expression of nephrin, podo-
cin, α-actinin, and WT1 in children with nephrotic syndrome.
Pediatr Nephrol 18: 1122-1127, 2003. 

19. Wagrowska-Danilewicz M, Stasikowska O, Danilewicz M:
Immunoexpression of podocyte-associated proteins in acqui-
red human glomerulopathies with nephrotic syndrome. Pol J
Pathol 57(1): 17-21, 2006. 

20. Asanuma K, Kim K, Oh J, Giardano L, Chabanis S, Faul C, Rei-
ser J, Mundel P: Synaptopodin regulates the actin-bundling
activity of α-actinin in an isoform-specific manner. J Clin In-
vest 115: 1188-1198, 2005. 

21. Barisoni L, Mundel P: Podocyte biology and the emerging un-
derstanding of podocyte diseases. Am J Nephrol 23: 353-360,
2003.

22. Smeets B, Dijkman HBPM, Te Loeke NAJM, Van Son JPHF,
Steenbergen EJ, Assmann KJM, Wetzels JFM, Groenen PJTA:
Podocyte changes upon induction of albuminuria in Th-1.1
transgenic mice. Nephrol Dial Transplant 18: 2524-2533,
2003. 

23. Srivastava T, Garola RE, Whiting JM, Alon US: Synaptopodin
expression in idiopathic nephrotic syndrome of childhood.
Kidney Int 59(1): 118-25, 2001. 

24. Ostalska-Nowicka D, Zachwieja J, Nowicki M, Kaczmarek E,
Siwinska A, Witt M: Vascular endothelial growth factor (VEGF-
C1)-dependent inflammatory response of podocytes in neph-
rotic syndrome glomerulopathies in children: an immunohis-
tochemical approach. Histopathology 46: 176-183, 2005. 

25. Antignac C: Molecular basis of steroid-resistant nephritic syn-
drome. Nefrología 25(Supl. 2): 25-28, 2005. 

26. Caridi G, Bertelli R, Carrea A, Di Duca M, Catarsi P, Artero M,
Carraro M, Zennaro C, Candiano G, Musante L, Seri M, Gi-
nevri F, Perfumo F, Ghiggeri GM: Prevalence, genetics, and
clinical features of patients carrying podocin mutations in ste-
roid-resistant nonfamilial focal segmental glomerulosclerosis.
J Am Soc Nephrol 12: 2742-2746, 2001. 

27. Kaplan JM, Kim SH, North KN, Rennke H, Correia LA, Tong
HQ, Mathis BJ, Rodríguez-Pérez JC, Allen PG, Beggs AH, Po-
llak MR: Mutations in ACTN4, encoding alpha-actinin-4,
cause familial focal segmental glomerulosclerosis. Nat Genet
24: 251-256, 2000. 

28. Huber TB, Kwoh C, Wu H, Asanuma K, Godel M, Hartleben
B, Blumer KJ, Miner JH, Mundel P, Shaw AS: Bigenic mouse
models of focal segmental glomerulosclerosis involving pair-
wise interaction of CD2AP, Fyn, and synaptopodin. J Clin In-
vest 116: 1337-1345, 2006. 

29. Meyrier A, Simon P: Treatment of corticoresistant idiopathic
nephrotic syndrome in the adult: minimal change disease and
focal segmental glomerulosclerosis. Adv Nephrol 17: 127-
150, 1988.

SYNAPTOPODIN EXPRESSION IN GLOMERULONEPHRITIS

715


