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Purpose: Puromycin aminonucleoside (PAN) specifically injures podo-
cytes, leading to foot process effacement, actin cytoskeleton disorga-
nization, and abnormal distribution of slit diaphragm proteins. p130Cas is
a docking protein connecting F-actin fibers to the glomerular basement
membrane (GBM) and adapter proteins in glomerular epithelial cells (GEpCs;
podocytes). We investigated the changes in the p130Cas expression level in
the PAN-induced pathological changes of podocytes in vitro.

Methods: We observed changes in the p130Cas expression in cultured
rat GEpCs and mouse podocytes treated with various concentrations
of PAN and antioxidants, including probucol, epigallocatechin gallate
(EGCG), and vitamin C. The changes in the p130Cas expression level
were analyzed using confocal immunofluorescence imaging, Western
blotting, and polymerase chain reaction.

Results: In the immunofluorescence study, p130Cas showed a diffuse
cytoplasmic distribution with accumulation at distinct sites visible as
short stripes and colocalized with P-cadherin. The fluorescences of
the p130Cas protein were internalized and became granular by PAN
administration in a dose-dependent manner, which had been restored by
antioxidants, EGCG and vitamin C. PAN also decreased the protein
and mRNA expression levels of p130Cas at high doses and in a longer
exposed duration, which had been also reversed by antioxidants.
Conclusion: These findings suggest that PAN modulates the quantitative
and distributional changes of podocyte p130Cas through oxidative stress
resulting in podocyte dysfunction.

Key words: Cytoskeleton, p130Cas, Podocytes cell, Puromycin amino-
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Introduction

by ultrastructural and componental changes in podocytes and the slit

diaphragm (SD), showing retraction and effacement of the interdi-

Proteinuria is the main clinical manifestation of podocyte diseases gitating foot processes (FP9?.

and an important predictor of outcome in glomerular disease”. Pro- The specialized, highly differentiated podocytes consist of three

teinuria demonstrates an increase in glomerular permeability caused ~ morphologically and functionally different segments: cell body, major
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processes and extending FPs, which are separated by a filtration slit
that is 25 to 60 nm wide and covered by the SD**. The FPs contain
an actin-based cytoskeleton that is linked to the glomerular basement
membrane (GBM) in focal contacts of the basal membrane domain
and the apical membrane domain proteins, such as podocalyxin®”.
Therefore, podocyte actin cytoskeleton is closely connected to these
three FP membrane domains, including SD, basal, and apical, which
maintains meticulous glomerular filtration. Interference with any of
the three FP domains leads to the changes of actin cytoskeleton from
parallel contractile bundles into a dense network with FPs effacement,
therefore, FPs effacement requires the active reorganization of actin
filaments™”. As a reverse pathologic pathway, any alterations in the
cytoskeleton could also lead to changes in the structure and function
of podocytes, resulting in proteinuria™.

p130Cas is a protein of Cas (Crk-associated substrate) family
that might serve as a ubiquitous docking protein in various tissues
and cellular structures including podocytes for actin cytoskeleton-
dependent signaling networks. The interaction of p130Cas with
other adjacent proteins in normal and pathologic cells modulates cell
migration, survival and proliferation”. In podocytes, p130Cas localizes
diffusely to the cytoplasm with accumulation at ends of F-actin stress
fibers in FPs, where focal adhesion proteins and kinases connect
docking proteins including integrin and p130Cas to the GBM”, and
CD2AP and p130Cas to the SD insertion site”. Therefore, p130Cas
protein also plays an important role in maintaining the glomerular
permeability by connecting podocyte actin cytoskeleton to GBM
and SD.

Puromycin aminonucleoside (PAN) specifically injured podocytes,
leading to a flattening of podocyte FPs, focal detachment from the
GBM, actin cytoskeleton disorganization, and decreased expression
and abnormal distribution of the SD proteins, which coincided with
the onset of proteinuria'"”. Therefore, PAN-induced nephrosis has
been used extensively as a model of proteinuria. In this study, we
applied an in vitro PAN model and found that PAN disregulaed the
podocytes p130Cas and might subsequently induce the phemotypical
changes of podocytes.

Materials and methods

1. Cell culture of rat glomerular epithelial cell (GEpC) and
mouse podocytes

Rat GEpCs, cloned from primary rat glomerular cultures,

were characterized and provided by Kreisberg et al.”. They were

characterized by sensitivity to PAN, positive staining for Heymann

antigen (gp330) and podocalyxin, whereas negative staining for factor

VI, The GEpCs were maintained as previously described".

Experiments were performed with cells between passages 15 and 18.
Cells were treated with 1 to 50 pg/mL PAN (Sigma Chemical Co.,
St. Louis, MO, USA) dissolved in ethanol for 24 and/or 48 hours.
For the protective effect of antioxidants, podocytes were co-treated
with the various concentrations of PAN and 50 pM epigallocatechin
gallate (EGCG) (Sigma Chemical Co.), 50 pM probucol (Sigma
Chemical Co.), or 30 uM vitamin C (Amresco Inc., Solon, OH, USA).

Controls were treated with vehicle only.

2. Confocal image analysis of p130Cas

The rat GEpCs and mouse podocytes that were prepared as before
on type I collagen-coated glass cover slips incubated for 24 hours were
fixed in 4% paraformaldehyde, permeabilized in phosphate buffered
saline (PBS), blocked with 10% normal goat serum, and labeled with
polyclonal rabbit anti-rat p130Cas (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA) and polyclonal rabbit anti-P-cadherin (Santa
Cruz Biotechnology Inc.). Primary antibody-bound specimens were
incubated with 1:500 (v/v) Alexa 488 for green and Alexa 594 for red
(Invitrogen, Carlsbad, CA, USA)-conjugated respective secondary
antibodies at room temperature for 1 hour. F-actin was visualized
with fluorescein isothiocyanate (Sigma Chemical Co.). Coverslips
were mounted in aqueous mountant and viewed with a confocal
laser scanning microscope (TCS SP2 AOBS, Leica Microsystems,
Wetzlar, Germany).

3. Western blotting of p130Cas

At the end of 48-hour incubation with additives, the confluently
grown cell layers were washed twice with PBS and subsequently
extracted in 4M guanidinium-HCI, 2% 3-[(3-cholamidopropyl)
dimethylammoniol-1-propanesulfonate hydrate, and protease
inhibitors containing 100 mM 6-aminohexanoic acid, 10 mM
benzamidine HCI, and 1 mM phenylmethylsulfonyl fluoride at 4
overnight and stored at -20°C till further analysis. Protein concentrations
were determined with a Bio-Rad kit (Bio-Rad Laboratories, Hercules,
CA, USA). Thirty pg of boiled extracts were applied on 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gels and transferred
to polyvinylidene fluoride membranes (Bio-Rad Laboratories). Then,
the membranes were air-dried and blocked in 3% fat-free milk before
incubation with polyclonal rabbit anti-rac p130Cas (Santa Cruz
Biotechnology Inc.). After incubation with horseradish peroxidase-
conjugated secondary antibodies, bands were detected by using the
enhanced chemiluminescence chemiluminescence system (Amersham
Biotech Ltd., Bucks, UK).
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Total RNA was extracted from cultured rat GEpC incubated for
48 hours. After estimating its concentration by ultraviolet spectropho-
tometry, 5 pg of total RNA was used for firststrand cDNA synthesis.
Aliquots of the cDNA were amplified using primers for p130Cas:
sense 5'-CATTGTGCCTGGTAACCG-3" and anti-sense
5“TGGCACCTGGTAAATGTC-3' The expression of GAPDH as
a housekeeping gene was analyzed employing the following primers:
sense 5" TCTACCCACGGCAAGTTCAA-3'" and anti-sense
5-GGATGACCTTGCCCACAGC-3'. PCR products were visu-
alized on 1.5% agarose gels, and band density was measured using
densitometry program (LabWorks 4.0, UVP Inc., Upland, CA,
USA).

The results are presented as meansstandard deviation, as required
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Fig. 1. Distributional changes of p130Cas. p130Cas showed a diffuse
cytoplasmic distribution with accumulation at distinct peripheral areas
visible as short stripes in physiologic condition and colocalized with
P-cadherin. The fluorescences of p130Cas protein were internalized and
became granularly by PAN in a dose-dependent manner (A, rat glomerular
epithelial cells). Such pathologic changes were reversed by EGCG and
vitamin C (B, mouse podocyte). Magnification, x400.

+PAN 25 ug/mL  + PAN 50 pg/mL

under different conditions. The statistical significance was assessed by
nonparametric Kruskal-Wallis analysis of variance analysis or Student’s -

test. P values less than 0.05 were considered significant.

Results

In immunofluorescence study, p130Cas showed a diffuse cyto-
plasmic distribution with accumulations at distinct peripheral areas
visible as short stripes in physiologic condition and colocalized with
P-cadherin (Fig. 1A left column). The fluorescences of p130Cas
protein were internalized into perinuclear areas and became granular
by PAN in a dose-dependent manner (Fig. 1A, B upper row). Such
distributional changes were reversed by 50 pM EGCG and 30 pM
vitamin C (Fig. 1B), recovering peripheral linear stainings. Subtitles
of A and B of all figures in these results denote rat GEpCs and mouse

podocytes, respectively.
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Fig. 2. Effects of PAN and antioxidants on the p130Cas protein assayed
by Western blotting. Density values for p130Cas protein of representative
immunoblots from each group show decreased cellular p130Cas protein
levels by PAN (A, rat glomerular epithelial cells). Treatments with
EGCG and vitamin C restore the change of p130Cas protein (B, mouse
podocytes). Data on the densitometric analysis of p130Cas/B-tubulin
ratio are expressed as mean=SD. Control (100%); the value of PAN (-)
group. *P<0.05 and **P<0.01 versus control or 50 pg/mL of PAN.
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2. Western blotting of p130Cas in cultured GEpC

Density values for cellular p130Cas protein of representative immu-
noblots from each group tended to be reduced by PAN, particularly
in a dose-dependent manner at 24 hours. High dose (50 pg/mL) of
PAN decreased cellular p130Cas protein levels by 51.7% at 24 hours
and by 49.5% at 48 hours (both P<0.01; n=3) (Fig. 2A). Less high
amount (25 pg/mL) of PAN also decreased cellular p130Cas protein
levels to a less degree, by 26.8% at 24 hours (P<0.05); however, the
48.6% reduction at 48 hours is similar to that of 50 pg/mL of PAN
(P<0.01; n=3) (Fig. 2A). The suppression of p130Cas protein by high
dose (50 pg/mL) of PAN could be restored by EGCG and vitamin C,
but not by probucol at 24 hours (P<0.05; n=3) (Fig. 2B). These results
suggest that PAN suppresses p130Cas protein at least by oxidative

Stress.
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Fig. 3. Effects of PAN and antioxidants on the mRNA expression of
p130Cas assayed by RT-PCR. Values for mRNA expression of p130Cas
and a representative gel show that PAN significantly decrease RT-PCR
products of p130Cas (A, rat glomerular epithelial cells) and probucol and
vitamin C restore the change of p130Cas mRNA (B, mouse podocytes).
Data on the densitometric analysis of p130Cas/GAPDH ratio are
expressed as mean=SD. Control (100%); the value of PAN (-) group.
*P<0.05 and **P<0.01 versus control or 50 pug/mL of PAN.

3. Expression of p130Cas mRNA

Values for mRNA expression of p130Cas and representative gels
showed the decreased RT-PCR products of podocyte p130Cas by
PAN significantly at 24 and 48 hours (P<0.05; n=3) (Fig. 3A). At
48 hours, even small amounts of PAN could suppress p130Cas
mRNA similar to the results by higher doses, which meant that the
suppressive effect of PAN were similar at extended exposure time.
The suppression of p130Cas mRNA by PAN could be restored
significantly by probucol and vitamin C at 24 hours (P<0.05; n=3)
(Fig. 3B). These results suggest that PAN suppresses p130Cas mRNA
and subsequent protein by transcriptional modulation at least by

oxidative stress.

Discussion

The proteinuric conditions usually demonstrate ultrastructural
changes in the GEpCs (podocytes) with retraction and effacement of
the highly specialized interdigitating FPs, which were accompanied
by the alterations of the SD and linking adapter molecules even
before the onset of proteinuria®"”. The FP effacement has been
regarded as an abnormal response of the epithelium either to direct
injury or to alterations elsewhere in the glomerulus, which means
the detachment of podocytes from the GBM and/or FP retraction
leading to separation of neighboring podocytes. The FP effacement
requires a precise interplay of multiple cellular functions including
structural alterations of the cytoskeleton and linking adapter proteins,
abnormal movement of FP over the GBM, and reconstruction of the
SD1,".,

Podocyte FPs form a scaffolding around the capillary loops that are
anchored to the GBM via a3B1 integrin and a-/B-dystroglycans™”.
These anchoring molecules connect to the actin cytoskeleton via
intracellular macromolecular complex of the focal adhesion kinase
(FAK) and molecules, including paxillin, vinculin, p130Cas, and a-
actinin™*'*"*),

p130Cas belongs to a family of docking proteins™®. On the outer
side of p130Cas, proline-rich domains and binding motifs for the
SH2 domains of v-Crk and v-Src mediate the adhesion to extracellular
matrix via integrin by tyrosine phosphorylation™*'**”, On the
other cytoplasmic side, p130Cas is connected to FAK and c-Crk,
mediating signaling pathways from cell adhesion sites to the inner
cytoskeleton™**"*”. Activation or overexpression of Cas proteins
activates multiple downstream effectors to promote formation of
filopodia, lamellipodia, pseudopodia, and induce additional changes
in the cytoskeleton that support migration™®. Therefore, p130Cas
protein plays a pivotal role in maintaining the cell adhesion/migration

and cellular signaling by connecting extracellular structure and
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cytoskeleton.

In podocytes, p130Cas localizes diffusely to the cytoplasm with
accumulation at ends of F-actin stress fibers in FPs, where p130Cas
connects the cytoskeleton to the GBM via FAKs and integrins’, and
to the SD via CD2AP and FAKSs”. Therefore, p130Cas protein also
plays an important role in maintaining the podocyte cytoskeleton
and cellular signaling by connecting podocyte actin cytoskeleton to
GBM and SD.

The proteinuric conditions are usually associated with retraction
and effacement of the highly specialized interdigitating FPs of
podocytes, which are accompanied by the alterations of the SD and
docking adapter molecules'®"”. However, there are very limited
reports on the change of p130Cas in pathologic conditions till now.
The immunofluorescent stainings of p130Cas increased around
the glomerular capillary loop of human membranous nephropathy,
however, not of minimal change disease™. They suggested that the
increased p130Cas might be a result of tyrosine phosphorylation of
constituent proteins. Although both diseases are podocyte diseases, the
pathophysiologic mechanisms leading to membranous nephropathy
and minimal change disease are different. Membranous nephropathy
is caused by an accumulation of immune deposits on the outer aspect
of the GBM, however, minimal change disease is characterized by
podocyte phenotypical changes caused by plasma permeability
factors™. In patients and animal models with immune-mediated
glomerular diseases, increased tyrosine phosphorylation within focal
adhesion proteins, increased Pyk2, and FAK activation have been
reported” . Therefore, the expression of podocyte p130Cas could
be different according to the pathophysiologic mechanisms leading
to podocytopathy. In this study we found a reduced expression of
p130Cas by PAN which could induce the similar pathologic findings
of minimal change disease. Oxidative stress induced by H,O,
concentration dependently inhibited carbachol-induced tyrosine
phosphorylation of the adhesion-related proteins, including FAKs
and p130Cas in human neuroblastoma SH-SY5Y cells™.

As p130Cas is associated with focal adhesions as an adaptor protein
and integrin-mediated cell adhesion results in tyrosine phosphorylation
of p130Cas and several other focal adhesion proteins at the cell
membrane, tyrosine phosphorylation of their constituent proteins
including p130Cas could relate to the supramolecular assembly
and the formation of new focal adhesions™**”. As a consequence
of its phosphorylation, p130Cas is involved in the linkage of actin
cytoskeleton to the extracellular matrix during cell migration, cell
invasion, and cell transformation'®***”. Pro-apoptotic stimuli in-
cluding oxidative stress trigger dephosphorylation and cleavage of
Cas proteins, leading to direct dominant-negative mediated focal

adhesion disassembly, altering the transcriptional balance between

Cas-dependent pro- and anti-survival factors’. Therefore, we
speculate that PAN-induced oxidative stress could inhibit tyrosine
phosphorylation and suppress the expression of p130Cas, then, subse-
quently may disrupt podocyte adhesion to neighbor structures, such
as, adapror proteins, GBM, etc.

Recently, we reported that the exposure of podocytes to PAN in
vitro relocated B-catenin, an adapter protein linking the SD and
cytoskeleton, internally and reduced -catenin mRNA and protein
expression””, similar to the changes of 130Cas in this study. Taking
together, we speculate that PAN suppresses the expression of adapter
proteins, including p130Cas and B-catenin, via cytotoxic, oxidative,
or consumptive effects, therefore, leading to disrupt podocyte
architecture and filtration function. Further investigations for the
quantitative and qualitative changes and tyrosine phosphorylation of
related focal adhesion proteins and FAK in PAN-induced nephropathy
and various human proteinuric diseases are needed.

In condclusion, this study suggests that PAN induces the distributional
and quantitative changes of podocyte p130Cas, leading to disrupt
podocyte adhesions to neighbor structures via oxidative stress, then,

develop proteinuria in experimental PAN-induced nephropathy
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