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Podocin expression in rats with puromycin
aminonucleoside nephropathy

Yu-Gen SHA, Rong-Hua CHEN, Yin XU, Song-Ming HUANG , Ai-Hua ZHANG

Center of Pediatric Nephrology, Nanjing Medical University, Nanjing 210029, China

Abstract; Objective To investigate the expression and distribution of podocin and its role in the development of
proteinuria in rats with puromycin aminonuclenside ( PAN) nephropathy. Methods The nephropathy model was
established by a single injection of PAN. The rats in the Model group were sacrificed on days 1, 3, 10 and 20 after PAN
injection. The renal histological changes were observed under light and electron microscopes. The indirect
immunoflucrescence staining and semiquantitative reverse transcription PCR were used to detect the expression of
podocin. Six rats which received normal saline with the same volume as the Model group served as the Control group.
Results (D) The proteinuria which was gradually increased 3 days after PAN injection reached a peak on day 10 { P <
0.01) and decreased on day 20 but was still greater than that of the Control group ( P <0.05). @ In the process of
development of PAN nephropathy, the foot process effacement was seen between 3 and 10 days following PAN injection.
3 The podocin expression began to decrease on day 1, and prominently decreased on day 3 and day 10 compared with
those of the Control group ( P <0.01). On day 20, the podocin expression resembled that of day 1, remaining lower
than that of the Control group ( P <0.05) although it partly retrieved with the decreased proteinuria. The podocin
expression was negatively correlated with proteinuria ( » = —0.786, P <0.05). @ Podocin staining showed a very fine
linear-like pattern along the capillary loop in the Control group. It presented a discontinuous pattern on day 1, a granular
pattern on day 3, more coarse granular on day 10 and gradually recovered to a linear-like pattern on day 20. & Podocin
mRNA expression levels were slightly elevated on days 1, 3 and 10 (1.2, 1.5, 1.4 folds as the Control group
respectively) and recovered to a normal level on day 20 compared with those of the Control group. Conclusions Podocin
may be involved in the development of proteinuria and it may be a useful early marker of podocyte injury in nephropathy.

[Chin J Contemp Pediatr, 2004, 6(3): 161 - 165]
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Nephrotic syndrome, one of the common pedi-
atric kidney diseases, manifests clinically massive pro-
teinuria, hypoalbuminemia, edema and hyperlipide-
mia. Histologically, it is characterized by retraction
and effacement of the glomerular visceral epithelial
cell (podocyte) foot processes under electron micro-
scope. Massive proteinuria, the most fundamentally
pathophysiological change, results from the dysfunc-
tion of the glomerular filtration barrier. This barrier
consists of three layers, in which the slit diaphragm
(SD) is considered as the most essential unit. In
2000, podocin was identified as a product of gene mu-
tation in patients with autosomal steroid-resistant

() It was one of the podocyte

nephrotic syndrome
molecules located at the glomerular SD2!. However,
the precise role of podocin in the development of pro-
teinuria remains unknown. To address this, a rat
puromycin aminonucleoside ( PAN) nephropathy model
was established which closely resembled the human mini-
mal change nephrotic syndrome and the expression of
podocin and its role in the development of proteinuria were

investigated in PAN nephropathy model.
Materials and methods

Animal models

Thirty male Sprague-Dawley rats (weighing 80
— 100 g) purchased from the Experimental Animal
Center of Southeast University were enrolled in this
study. They were housed in individual metabolic
cages and were fed with standard chow and had free
access to tapwater. PAN nephropathy was induced
according to the previously described protocol:3].
Briefly, rats in the Model group were given a single
intraperitoneal injection of PAN (15 mg/100 g; Sig-
ma, USA). The Control group received equal norrnal
saline. Six rats in the Model group were sacrificed 1,
3, 10 or 20 days after injection. The specimen of 24-
hour urine was collected prior to sacrificing in order to
measure 24-hour urinary protein quantity by the

Bradford method.

[XEHRS]

1008 — 8830(2004)03 - 0161 — 05

Antibodies

The rabbit polyclonal antibody p35 was kindly
provided by Prof. Antignac, Paris, France. The sec-
ondary antibody, FITC-conjugated affinity-purified
goat anti-rabbit IgG was purchased from Zhongshan
Biotechnology Co. LTD (Beijing, China).
Histology

For the light microscopy examination, freshly
harvested kidneys were fixed in neutral formalde-
hyde. H&E, PAS and Masson stainings were per-
formed using standard methodology. For the trans-
mission electron microscopy examination, kidneys
were fixed by perfusion of 2% glutaraldehyde and
4% paraformaldehyde in 0.05M PBS (pH 7.4)
through the left ventricle. Small pieces of cortex were
fixed overnight at 4T in 2.5% glutaraldehyde dis-
solved in 0.1 M sodium cacodylate buffer (pH 7.4)
and washed in the same buffer. Tissue fragments
were postfixed in cacodylate-buffered 1% OsO4 for
1.5 hours, dehydrated and embedded in epoxy resin
618. Ultra-thin sections were cut and stained with
4% uranyl acetate for 45 minutes and subsequently
with lead citrate for 4 minutes at room temperature.
Then they were examined under a JEM1010 electron
microscope.
Indirect immunofluorescence

Fresh kidneys were embedded in Tissue-Tek
OCT compound at —20C . Five-micrometer cryostat
sections were cut, transferred to slides, fixed in ace-
tone for 10 minutes, air dried and stored at — 20T
until use. The sections were thawed, washed in PBS
and incubated at 4C overnight with the primary anti-
body diluted in PBS ( rabbit anti-podocin 1 1400).
The sections were then washed in PBS and incubated
for 30 minutes with FITC-conjugated anti-rabbit 1gG
antibody (1:100). They were again rinsed in PBS,
mounted in 90% glycerol in 0.1 M PBS and covered
with coverslips.
Digital image analysis

The sections were examined by a BH-2 micro-

scope equipped with a single chip color CCD camera,
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connected to a computer with Olympus Viewfinder
software. In each animal, five images of individual
glomeruli were recorded at X 200 magnification while
the exposure time was fixed. The intensity of the
staining was determined by highlighting the glomeruli
and measuring the mean luminosity value of the re-
gion with the histogram function of Image J1.3 soft-
ware, as described in detail in the previous litera-
turel*. The recording and analysis of the digital im-
ages were performed with fixed settings.
Detection of podocin mRNA expression

Total RNA was extracted from 100 mg kidney
cortex using the Trizol-method and 23 gl RNA were
used to synthesize cDNA in the presence of an oligo
dT15-primer, RNase inhibitor and the M-MLV re-
verse transcriptase ( Promega, USA) in a final vol-
ume of 40 pl. Sequence-specific oligonucleotide
primers were designed according to rat podocin (5'-
GCAGCCACGGTAGTGAATGT-3', 5'-CAGGAAG
CAGATGTCCCAGT-3"), GAPDH (5'-ACCACAGT
CCATGCCATCAC-3", 5'-TCCACCACCCTGTTGC
TGTA-3"). The PCR products for podocin and
GAPDH correspond to 253 bp and 452 bp respective-
ly. PCR was performed in a 20 pl reaction system
which contained 1 pl ¢DNA, 1 X PCR buffer,
1.5mM MgClL, 0.1 mM dNTP, 10 pM of each
primer, and Taq DNA polymerase 0.15 pl
( Promega, Shanghai ). Amplification cycles were
95C for 5 minutes, followed by 30 cycles at 94C for
30 seconds, 38C for 30 seconds, and 72T for 30
seconds and terminated by a final extension of 72°C
for 5 minutes. The PCR products were subjected to
electrophoresis with 1.5% agarose gel and stained
with ethidium bromide. The band intensity was de-
termined by gel image analytic system (Gene compa-
ny, USA). The level of podocin mRNA expression
was calculated by dividing the intensity of the internal
control, GAPDH.
Statistical analysis

SPSS 10.0 software combined with NOSA 5.0
was used and the data were presented as means = SD.
One-way ANOVA with a post hoc correction was ap-
plied for analysis of differences of data between
groups. When the conditions for using ANOVA were

not met, the Kruskal-Wallis test was used following a
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multiple comparisons using the Nemenyi test. Correla-
tions were evaluated with the Spearman correlation test.
P <0.05 was considered statistically significant.

Results

Urinary protein

The single intraperitoneal injection of PAN led to
a gradual increase of urinary protein, starting on day
3. The urinary protein reached a peak level on day 10
and increased significantly when compared with the
controls ( P <0.01). The amount of proteinuria de-
creased on day 20 but was still greater than that of
the Control group ( P =0.032). See Table 1.

Table 1 24-hr urinary protein (mg/d) and

podocin expression (n=6, 7 * 5 )

Day Urine protein  Staining intensity  Podocin mRNA
0 3.09+1.55 54.95+6.25 90.62+5.53
1 7.30+2.11 45.03£5.10° 108.50+ 8. 14*
3 14.65=5.57 33.35£6.41° 139.09£13.05*
10 306.52+90.16* 13.58+3.73" 133.09£10.42"
20 28.21+11.04°  42.34+6.65" 99.32+9.50

Note: a vs day 0 P <0.01; b vs day 0 P <0.05

Histology of the kidney

Kidneys from the rats sacrificed on day 10 in the
Model group were pale and swollen by visual exami-
The H&E, PAS and Masson stainings
showed no distinct pathological changes in both the
Control and Model groups. However, podocyte foot

nation.

process effacement was visualized in the kidney cortex
from the rats sacrificed on day 3 under transmission
electron microscope (Figure 1B). On day 10, the foot-
process effacement was more extensive ( Figure 1C).
Normal podocyte foot process is shown in Figure 1A.

Figure 1A Normal foot process (day U, 25K)
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day 20 after injection. See Table 1 and Figure 3.

Figure 1C  Extensive effaced foot process (day 10, 20 K)

Figure 1 The images of electron microscope

Podocin protein expression

Podocin staining was strongly detected as the
very fine linear-like pattern along capillary loop in the
sections of rats in the Control group (Figure 2A). On
day 1 after PAN injection, the linear-like pattern be-
came partly discontinuous and granular with decreased
intensity of podocin staining compared with the con-
trols ( Figure 2B). The staining presented a coarse
granular pattern with further decreased intensity on
day 3 (Figure 2C). Noteably, the staining pattern
become more granular and the intensity was markedly
decreased on day 10 (Figure 2D). On day 20, the re-
sults resembled that of day 1 (Figure 2E). As a nega-
tive control, secondary antibody alone did not stain
glomeruli (Figure 2F). The staining intensity was neg-
atively correlated with proteinuria ( » = —0.786, P <
0.05). See Table 1. (Figures 2A — F are on the inside
front cover)
Podocin mRNA expression

On days 1, 3 and 10 after PAN administration,
podocin mRNA expression in the Model group increased
01.2, 1.5, and 1.4 folds as the Control group respec-
tively. The mRNA expression regained t© normal level on

Figure 3 RT-PCR findings of podocin mRNA
expression in different time points
Lanes 1 — 5 shows GAPDH mRNA expression on days 0, 1, 3, 10
and 20; Lanes 6 — 10 shows podocin mRNA expression in the corre-
sponding time point; M stands for 100 bp DNA marker.

Discussion

In the past few years, emerging new molecules
such as nephrin, podocin and CD2AP have been iden-
tified at the SD area. Nephrin, a major component of
the SD, is a transmembrane protein encoded by the
NPHSI gene, which
nephritic syndrome of the Finnish typeis]. The tar-

is mutated in congenital
geted deletion of CD2AP in mice induced nephritic
syndromeiﬁ] . Podocin, encoded by NPHS2, is one of
the most important podocyte molecules. It is a new
member of the stomatin family, which consists of
hairpin-like integral membrane proteins with intracel-
lular NH2 — and COOH-termini. In addition to auto-
somal recessive steroid-resistant nephrotic syndrome,
the spectrum of diseases related to podocin mutations
is broadening!”. Roselli et all®! generated podocin-
deficient mice to investigate the function of podocin
and found that the mice developed early glomerular
filtration defect. It was proposed that podocin was im-
portant for maintaining the integrity of the slit diaphram.
Studies have suggested that podocin can interact with
nephrin and CIRAP directly and strengthen the signal
transduction of nephrin[q"“]. In this study, the expres-
sion of podocin in the glomeruli of rats with PAN
nephropathy was studied in order to investigate the possi-
ble mechanisms underlying proteinuria.

A significantly decreased expression and abnor-
mal distribution of podocin were found in the animal

model in this study, which presented with heavy pro-
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teinuria and in which foot process effacement in
glomeruli was identified by transmission electron mi-
croscope. Saleem et all"" found that disruption of the
podocyte cytoskeleton caused the redistribution of
podocin. Huber TB et al''?) found that mutations in
the NPHS2 gene disrupted nephrin targeting to lipid
raft microdomains at slit diaphram. Nephrin can in-
teracts with CD2AP, an adaptor molecule associating
with actin fibers-'. Tt was also found in this study
that podocin distribution became partly discontinuous
and granular on the 1st day after PAN injection while
effacement of foot process and proteinuria were not
developed. Hence, we suppose that the changes of
podocin- disrupt the connection between SD-associated
protein and podocyte cytoskeleton and thus result in
the effacement of foot process. Maybe the expression
of podocin is a sensitive marker of early podocyte in-
jury. On day 20, the podocin expression resembled
that of day 1. This indicated that the podocin expres-
sion retrieved partly when proteinuria decreased. Al-
though the proteinuria level was negatively correlated
with expression of podocin, the effects of proteinuria
on podocin expression and distribution remain un-
known. However, this study has shown the dramati-
cally reduced expression and redistribution of podocin
preceded the development of proteinuria in PAN
nephropathy. This confirmed that it was one of the
critical components of the SD for maintaining the bar-
rier function of the glomerula. Interestingly, a slight-
ly elevated level of podocin mRNA was also found and
this was not consistent with the declined protein lev-
el. This result may indicate that a compensatory reac-
tion of the podocyte resulted from its injury or the al-
terations in the podocin expression. On day 20, the
mRNA level recovered prior to the protein level. The
results of this study may reflect a discordant regula-
tion of podocin mRNA and protein levels.

In summary, an early redistribution of podocin
and a remarkably reduced expression following heavy
proteinuria were found in PAN nephropathy. Podocin
may be involved in the development of proteinuria and
can be taken as an early marker of podocyte injury. It
is not known whether the same kind of changes exist in
human proteinuric diseases and the regulation mechanism
of podocin expression needs to be studied in detail.
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Dynamic expression and effect of TGF- B 1 on extracellular

( These figures refer to the paper on page 161 )

Figure 2 Immunofluorescence staining (magnification,
x 200)
Figure 2A  Linear-like pattern of the continuous fine gran-

ules in normal glomeruli

Figure 2B  Partly discontinuous pattern on day 1
Figure 2C  Diffusely granular pattern on day 3

Figure 2D Coarse granular pattern on day 10

Figure 2E  Partly retrieved expression on day 20
Figure 2F No staining on glomerular (negative control)

matrix in premature rats with CLD
( These figures refer to the paper on page 166 )

Figure 1 Expression of TGF- g 1 of the normal lung (SABC, x 200)

Figure 2 Expression of TGF- g 1 of the model lung on day 7 (SABC, x 200)
Figure 3 Expression of TGF- g 1 of the model lung on day 14 (SABC, x 400)
Figure 4 Expression of TGF- g | of the model lung on day 21 (SABC, x 400)

et Sl Y JUE AL DR B 20 —1 i 3 Je 3% ¢

CIE3C LS 199 0 )

2
B 1 ICAM-1 fEB TR T HLMENAG L, RO TR NS F % g AL H /N T W 5 T2
ANE B ANBRIK AR WAL . (G etn x 360)
Figure 1 Small quantity expression of [CAM-1 in the cortical tubuli in the Sham-Operation group (HE x 360)
B2 kil 15 min B 15 h i, ICAM-1 (ETII VG IO FEk A BRI TEMRFERIZE AR R SR 0 N v LA IR (4
AT x 360 )
Figure 2 ICAM-1 expression in the proximal tubuli reached a peak after a 15-minute ischemia and then a 15-hr reperfusion (HE x 360)






