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Abstract
Phenotypic changes in culture hamper the identification and characterization of cultured podocytes and parietal epithelial cells of
the Bowman’s capsule (PECs). We have recently established culture conditions that restore podocytes to their differentiated
phenotypes. We compared podocytes and PECs cultured under the same conditions to determine the unique characteristics of the
two cell types. Performing this comparison under the same conditions accentuated these differences. Podocytes behaved like non-
epithelial cells by extending cell processes even at confluence. By contrast, PECs behaved like typical epithelial cells by
maintaining a polygonal appearance. Other differences were identified using immunostaining and RT-PCR; podocytes expressed
high levels of podocyte-specific markers while PECs expressed high levels of PEC-specific markers. However, while podocytes
expressed low levels of PECmarkers, PECs expressed low levels of podocyte markers. Therefore, the identification of podocytes
and PECs in culture requires the evaluation of respective cell markers and the expression of markers for other cell types.
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Introduction

Visceral and parietal epithelial cells of the Bowman’s capsule
in the kidney have been studied extensively because the vis-
ceral cells play a critical role in maintaining the glomerular
filtration barrier and causing glomerulosclerosis (Pavenstädt
et al. 2003). By contrast, parietal epithelial cells (PECs) are
involved in the formation of crescents and adhesions in glo-
merular diseases (Nagata 2016). In addition, it has been shown

recently that PECs are also necessary and required in focal
segmental glomerulosclerosis (Kuppe et al. 2015, 2019;
Lazareth et al. 2019). Visceral epithelial cells which are re-
ferred to as podocytes, exhibit a very elaborate morphology.
Podocytes have several primary processes radiating from the
cell body that ramify into thinner processes. The resultant fine
processes, or foot processes, create interdigitations between
adjacent cells (Ichimura et al. 2015). The paracellular spaces
between foot processes are bridged by slit diaphragms, which
are intercellular junctions that are unique to podocytes
(Rodewald and Karnovsky 1974). On the other hand, PECs
exhibit a simple morphology that resembles that of squamous
epithelial cells with one or two primary cilia (Arakawa and
Tokunaga 1977). PECs are connected by typical epithelial
intercellular junctions including tight junctions and adherens
junctions (Webber and Blackbourn 1971). In accordance with
these structural differences, these cell types express specific
marker proteins such as nephrin, podocin and WT1 for
podocytes and Pax8, Pax2 and claudin-1 for PECs, respective-
ly (Ohse et al. 2009; Ohtaka et al. 2002; Pavenstädt et al.
2003). Thus, podocytes and PECs have distinct in vivo differ-
ences in terms of morphology, gene expression and protein
expression.

The culture system is very valuable for clarifying responses
or identifying features of a specific cell type. Unfortunately,
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the distinction between podocytes and PECs becomes ob-
scured in culture. While in culture, podocytes lose their spe-
cific phenotypes. Specifically, podocytes lose their foot pro-
cesses and slit diaphragms and experience a decrease in the
expression of podocyte-specific genes over time (Andrews
and Stauver 1979; Yaoita et al. 1995, 2014). Podocyte cell
lines also express low levels of podocyte-specific genes and
show a polygonal morphology at confluence (Chittiprol et al.
2011). On the other hand, PECs also maintain a polygonal
morphology in vivo and express all podocyte-specific genes
in primary culture (Guhr et al. 2013; Yaoita et al. 1991). To
overcome the uncertain identification entailed in phenotypic
changes, Kabgani et al. established for the first time primary
podocyte and PEC cultures with proven origin by using ge-
netically tagged mouse lines (Kabgani et al. 2012). One of
their conclusions was that PECs and podocytes cannot be
unambiguously distinguished in culture using conventional
markers, although the two cell types retain a distinct expres-
sion profile depending on their origin. Thus, identification and
characterization of podocytes and PECs in culture remain a
major problem.

One of the main reasons for the lack of distinction between
podocytes and PECs is that podocytes lose their specific phe-
notypes in culture. Recently, we established culture conditions
that restore podocytes to their differentiated phenotypes
(Yaoita et al. 2018). The medium used in the culture condi-
tions contains all-trans-retinoic acid (ATRA) and highly sul-
fated polysaccharides, including heparin or dextran sulfate
(DS) but lacks fetal bovine serum (FBS), which prevents the
induction. While highly sulfated polysaccharides trigger the
induction, their underlying mechanism of actions remains un-
known. In the present study, we tried to clarify distinct char-
acteristics of cultured podocytes and PECs by comparing
them under two different culture conditions: primary cultures
using standard culture medium with FBS and secondary cul-
tures using the inducing medium. Consequently, we observed
distinct differences between the two cell types. While
podocytes behaved like non-epithelial cells, PECs behaved
similarly to typical epithelial cells. These observations were
compatible with their respective levels of adheren junction
proteins.

Materials and methods

Culture for podocytes and PECs (Fig. 1)

Rat glomeruli were isolated and cultured to obtain outgrowths
of podocytes and PECs according to a previously described
protocol with minor modifications (Katsuya et al. 2006;
Yaoita et al. 1991, 2018). Briefly, rat kidneys were perfused
with iron powder to purify the isolated glomeruli. The follow-
ing procedures were performed differently for the isolation of

podocytes and PECs: for podocyte cultures, perfused kidney
cortices were digested with collagenase and passed through a
100-μm cell strainer. Glomeruli containing magnetic particles
were collected using a magnet and cultured. Because almost
all isolated glomeruli were decapsulated and morphologically
intact, cellular outgrowths from the glomeruli were used as
podocytes (Online Resource 1) (Katsuya et al. 2006;
Takemoto et al. 2002; Yaoita et al. 2018). For PEC cultures,
glomeruli were mechanically isolated from the perfused kid-
ney cortices using the conventional serial sieving method
without collagenase digestion (Yaoita et al. 1991). To remove
tubular fragments, isolated glomeruli were washed at least
four times with phosphate-buffered saline, collected using a
magnet and resuspended. Half of the resultant glomeruli were
encapsulated and this portion contained 1% of tubular frag-
ments (Online Resource 1). As reported previously, the con-
ventional sieving method damaged podocytes, which resulted
in rare cells growing out from decapsulated glomeruli (Yaoita
et al. 1991). Therefore, polygonal cells from encapsulated
glomeruli were used as PECs. Glomeruli for podocyte and
PEC cultures were cultured on non-coated and collagen type
I-coated dishes, respectively. Although total numbers and
sizes of cellular outgrowths from the podocytes were not no-
ticeably different between the two types of dishes, the PECs
were apparently larger on collagen type I-coated dishes com-
pared to the non-coated dishes. The following culture medium
was used for the primary cultures: D-MEM/F-12 (1:1) con-
taining 5% FBS, 0.5% insulin-transferrin-selenium-A liquid
media supplement (ITS) and antibiotic solution (100 U/ml
penicillin and 100 μg/ml streptomycin).

After 4 days in culture, cellular outgrowths from glomeruli
were detached using a trypsin-EDTA solution for PEC culture.
A non-enzymatic cell dissociation solution (CDS) was used
for podocyte culture, because treatment with trypsin may af-
fect the expression of certain genes in cultured podocytes.
Furthermore, treating PECs with CDS resulted in low rates
of cell detachment. After passing through a 40-μm cell
strainer to remove the remaining glomerular cores, cells
were cultured in the same medium on glass slides printed
with a highly water-repellent mark with wells 5 mm in
diameter (Matsunami Glass Ind., Ltd., Osaka, Japan).
Cells were cultured at a density of 1.4 × 104 cells per well
and the wells were previously coated with laminin-521 by
adding 10 μl of laminin-521 (20 μg/ml) to each well and
incubating at 4 °C overnight. After 6 h, at which point
most of the cells had attached to the glass slides, the
culture medium was changed to D-MEM/F-12 containing
0.5% ITS, 0.5% FBS, 0.2 mg/ml DS, 0.2 μM ATRA and
antibiotic solution. After 24 h, the medium was changed
to D-MEM/F-12 containing 0.5% ITS, 0.2 μM ATRA and
antibiotic solution. After several days in culture, cells
were processed for morphological or immunohistochemi-
cal analysis or RNA extraction.
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Confocal immunofluorescence microscopy
and electron microscopy

Indirect immunofluorescence microscopy using antibod-
ies specific for podocyte and PEC markers and scanning
electron microscopy were performed as previously de-
scribed (Yaoita et al. 1995, 2001). The following anti-
bodies were used for immunohistochemical analysis:
mouse monoclonal anti-α-catenin (clone: αCAT-7A4,
Invitrogen Corporation, Camarillo, CA, USA), rabbit
monoclonal anti-vimentin (clone: EPR3776, Abcam plc,
Cambridge, UK), rabbit polyclonal anti-active caspase 3
(Abcam plc), mouse monoclonal anti-cadherin 6 (clone:
2, Transduction Laboratories, Lexington, KY, USA),
rabbit polyclonal anti-podocin antibody (Immuno-
Biological Laboratories Co., Ltd., Gunma, Japan), rabbit
polyclonal anti-PAX8 antibody (Proteintech Group, Inc.,
Rosemont, IL, USA), guinea pig polyclonal anti-nephrin
antibody (Progen Biotechnik GmbH, Heidelberg,
Germany), mouse monoclonal anti-synaptopodin anti-
body (Progen Biotechnik GmbH), rabbit polyclonal
anti-WT1 antibody (Santa Cruz Biotechnology, Dallas,
TX, USA). Normal rabbit serum and mouse monoclonal
anti-keyhole limpet hemocyanin antibody (clone:
#11711, R&D Systems, Inc., Minneapolis, MN, USA)
were used as negative controls.

Western blotting and quantitative RT-PCR analysis

Protein extraction, Western blotting, RNA extraction,
cDNA synthesis and RT-PCR were performed as previ-
ously described (Yaoita et al., 2001, 2014). To measure
the amount of specific mRNA in each sample, a stan-
dard curve was generated for each run using serial

dilutions of cDNA from isolated glomeruli for PEC cul-
tures that contain both podocytes and PECs. Gene ex-
pression was normalized to levels of Gapdh mRNA. To
quantify mRNA for each gene evaluated by RT-PCR, it
was expressed relative to that in the isolated glomeruli,
which was assigned a value of 1.0. The sequences of
the primers used are shown in Table 1.

RNA sequencing

RNA-Seq was performed using a SOLiD 5500 System
(Applied Biosystems, Carlsbad, CA) according to the
manufacturer’s instructions. Briefly, the quantity and
quality of RNA were assessed using a NanoDrop 2000
(Thermo Fisher Scientific, Waltham, MA) and an
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA). The depletion of ribosomal RNA from the
samples and the construction of the library were per-
formed using a SOLiD Total RNA-Seq Kit (Applied
Biosystems). The quality of the library was assessed
using an Agilent 2100 Bioanalyzer and sequenced to
produce 75-bp paired-end reads. The reads obtained dur-
ing this analysis were deposited into the Avadis NGS
(Agilent Technologies) to determine reads per kilobase
of exons per million mapped reads.

Statistical analysis

All data were expressed as mean values ± the standard devi-
ation. The assessment of statistically significant differences
between podocytes and PECs was made using Mann-
Whitney U test. Differences were considered statistically sig-
nificant if P < 0.05.

Fig. 1 Experimental protocol.
ITS, insulin-transferrin-selenium-
A supplement; FBS, fetal bovine
serum; DS, dextran sulfate;
ATRA, all-trans-retinoic acid
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Results

Phase-contrast microscopic differences

In primary cultures, podocytes frequently formed elon-
gated, branched cell processes while PECs at the periph-
ery of polygonal cell colonies occasionally extended
simple processes (Fig. 2, Online Resources 2 and 3).
The processes of podocytes often overlapped with other
cell processes and the bodies of adjacent cells. Such
overlapping was not observed among the cultured
PECs. Podocytes separated easily from each other to
form large intercellular spaces, whereas PECs remained
in close proximity to other cells without intercellular
spaces and maintaining their polygonal appearance.
The behavior was not different between cells cultured
on collagen type I-coated dishes and non-coated dishes
except for the number of cellular outgrowths found on

PECs as described in Materials and methods (data not
shown).

After 4 days in culture, podocytes and PECs were
subcultured at the same cell density to produce conflu-
ent subcultures (Fig. 3). Podocytes exhibited an irregu-
lar morphology by displaying long, thin cell processes
and formed interdigitation of processes by after 6 days
of subculturing. By contrast, PECs maintained their po-
lygonal morphology, thus giving them a cobblestone-
like appearance. Scanning electron microscopy showed
differences in the appearance of podocytes and PECs
after only 6 h of subcultutre. Ruffles and single cilia
were observed on podocytes and PECs, respectively
(Online Resource 4). Four days after subculture, spaces
lacking in cells appeared in PEC cultures. Consistently,
some cells stained positive for active caspase-3, an ap-
optosis marker, in PEC cultures but not in the podocyte
cultures (Online Resource 5).

Fig. 2 Phase-contrast
microscopic images of glomeruli
(gl) in podocyte (a, c) and PEC e
(b, d) primary cultures on day 3.
Branched cell processes and large
intercellular spaces were fre-
quently observed in podocyte
cultures but not PEC cultures.
Scale bar = 100 μm in a and b,
50 μm in c and d

Table 1 Primer sets for PCR
analysis Accession number Primers (forward, reverse)

Gapdh NM_017008 taaagggcatcctgggctacact, ttactccttggaggccatgtagg

Nphs2 (podocin) NM_130828 agcagtctagctcatgtgtcca, gcagccgtacatccttaatttc

Nphs1 (nephrin) NM_022628 tggttcgtcttgtcgtccga, ctggatgttggtgtggtcag

Cdh6 (cadherin 6) NM_012927 caagacagcgttgctcaaca, tgatgctgtactcgatctct

Pax8 NM_031141 ggacagttgtcgactgagca, gaatgaggatctgccaccac
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Immunofluorescence microscopic differences

Generally, epithelial cells are typified by a polygonal mor-
phology and high levels of adherens junction (AJ) proteins,
including members of cadherin and catenin families. Because
PECs had a typical epithelial morphology, which differentiat-
ed them from the podocytes, we examined whether the two
cell types had different expression levels for α-catenin, an AJ
component (Fig. 4). All sites of cell-cell contact for PECs
showed positive immunoreactivity for α-catenin throughout
the primary and secondary cultures. Unexpectedly, in
podocyte cultures, some cells also stained significantly posi-
tive for α-catenin at sites of cell-cell contact in primary

cultures and during the early phase of secondary culture.
The staining was lost in podocyte cultures after the fourth
day of subculture. Because the podocyte cultures showed sig-
nificant immunoreactivity for α-catenin, RNA seq analysis
was performed on podocytes after 2 days of subculturing to
examine which types of cadherins were expressed.
Consequently, it was suggested that cadherin 6 was the most
abundantly expressed cadherin in podocyte cultures: the reads
per kilobase of exons per million mapped reads (RPKM) for
Chd6,Cdh11 andChd2were 144.8, 35.4 and 29.7, respective-
ly. Western blot analysis revealed a single band corresponding
to the reportedmolecular mass of cadherin 6 (Online Resource
6) (Paul et al. 1997). The signal was weak but statistically

Fig. 3 Phase-contrast
microscopic images of cultured
podocytes (a, c, e, g, i) and PECs
(b, d, f, h, j) at 6 h (a, b), 24 h (c,
d), 2 days (e, f), 4 days (g, h) and
6 days (i, j) after subculture.
Podocytes extended cell
processes upon confluence, while
PECs maintained a polygonal
appearance. Spaces lacking in
cells were seen in PEC cultures
after 4 and 6 days of subculture
(asterisks in j). Scale bar = 50 μm
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significant in primary podocyte cultures compared to primary
PEC cultures. Microscopic images showing cadherin 6 immu-
noreactivity were identical to images for α-catenin immuno-
reactivity in PEC and podocyte cultures (Fig. 5). Double-label
immunofluorescence microscopy was performed to examine
the relationship between cadherin 6 immunoreactivity and the
expression of podocin, a podocyte-specific intercellular junc-
tion protein. No podocin staining was detected in cultured
PECs. On the other hand, podocyte cultures showed variations
in immunoreactivity ranging from negative to positive in pri-
mary and during the early phase of secondary cultures, where
some podocin-positive cells showed significant immunoreac-
tivity for cadherin 6. Almost all podocytes showed intense
podocin immunoreactivity at sites of cell-cell contact 4 days
after subculture. Coincidentally, cadherin 6 staining disap-
peared in podocyte cultures at this time. Double-labeling for
α-catenin and podocin showed the results that were identical
to images obtained after simultaneously detecting cadherin 6

and podocin (data not shown). These findings were similar to
the changes observed in the development (Online Resource
7). PECs always showed positive immunoreactivity for α-
catenin and cadherin 6 during before and after differentiation.
Podocytes only showed immunoreactivity for these proteins
during their S-shaped body stage; after the capillary loop
stage, they subsequently lost their immunoreactivity.

Due to the expression of AJ proteins in cultured
podocytes, the expression of PAX8, another PEC marker,
was examined along with nephrin, another podocyte-
specific intercellular junction protein. The results also co-
incided with those regarding the relationship between AJ
protein and podocin levels. Cultured PECs always stained
positive for PAX8 and negative for nephrin. In podocyte
cultures, cells showed varying levels of nephrin. Some
nephrin-positive podocytes stained positive for PAX8 in
the primary cultures and during the early phase of second-
ary cultures. During the later phase of secondary culture,

Fig. 4 Double-label
immunofluorescence microscopic
images showing α-catenin and
vimentin at day 4 of primary cul-
ture (a, b) and after 6 h (c, d),
2 days (e, f) and 4 days (g, h) of
subculture. Vimentin (red) was
localized in cell bodies and cell
processes while α-catenin (green)
was localized at sites of cell-cell
contact. Nuclei are colored blue
with DAPI. Podocytes lost α-
catenin staining after an increased
length of time in culture (a, c, e,
g), while PECs still showed high
levels of α-catenin immunoreac-
tivity during culture (b, d, f, h). gl:
glomerulus. Scale bar = 50 μm in
a, b, 25 μm in c–h
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PAX8 staining disappeared while most cells showed in-
creased levels of nephrin.

In this study, podocyte markers in PECs were also detected
using immunofluorescence microscopy. Most PECs showed
significantly immunoraeactivity for WT1 and synaptopodin.
Nevertheless, their immunoreactivity was much less pro-
nounced compared to that of podocytes (Online Resource 8).

As shown by podocin and nephrin staining, the morpholo-
gy of cell-cell contact sites of podocytes was conspicuously
different from that of PECs (Figs. 5i and 6c). While images of
stained AJ proteins showed linear sites of cell-cell contact for
PECs, sites of cell-cell contact for podocytes were elaborately
inflective.

Differences in RT-PCR

Time-dependent changes in the gene expression for
podocyte and PEC markers were quantified using RT-
PCR. The expression levels of most podocyte markers
were highest after 2 days of subculture, which preceded
the changes in protein expression as observed in immu-
nofluorescence images (Fig. 7, Online Resource 9). RT-
PCR was used to successfully detect all podocyte and
PEC markers in both the podocyte and PEC cultures.
However, most of the expression levels for these
markers differed greatly between the podocyte and
PEC cultures.

Fig. 5 Double-label
immunofluorescence microscopic
images for cadherin 6 and
podocin at day 4 of primary
culture (a, b) and after 6 h (c, d),
2 days (e, f), 4 days (g, h) and
8 days (i, j) of subculture.
Cadherin 6 (green) and podocin
(red) were localized at cell-cell
contact sites. Nuclei are colored
blue with DAPI. Some podocin-
positive cells also stained positive
for cadherin 6 (a, c, e). Podocytes
lost cadherin 6 immunoreactivity
and increased their levels of
podocin after an increased length
of time in culture (a, c, e, g, i). By
contrast, PECs showed intense
staining for cadherin 6 but not
podocin during culture (b, d, f, h,
j). Podocyte formed sites of cell-
cell contact, which showed ex-
tremely finely inflections after
8 days of subculture (inset in i).
gl: glomerulus. Scale bar = 25 μm
in a–j, 5 μm in inset i
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Discussion

In the present study, the first outgrowths from
decapsulated glomeruli isolated using iron powder and
collagenase digest ion were used as podocytes.
Meanwhile, cells from encapsulated glomeruli isolated
using the conventional sieving method were used as
PECs (Katsuya et al. 2006; Yaoita et al. 1991, 2018).
In the secondary cultures, podocytes shared several fea-
tures with podocytes in vivo, as did the latter cell type
with PECs in vivo. The former showed distinct immu-
noreactivity for nephrin, podocin, synaptopodin and
WT1. The high levels of expressions for these genes
were comparable with those of isolated glomeruli. In
particular, these cells exhibited interdigitations with
nephrin and podocin concentrated at sites of cell-cell
contact; this is the most distinctive character of
podocytes in vivo. On the other hand, PECs did not
show interdigitations, but rather a simple, polygonal
morphology. They showed intense immunoreactivity for
PAX8, a PEC-specific marker but not for podocin or
nephrin. The levels of expression for PAX2 and PAX8
were much higher than those of isolated glomeruli.
These findings indicate the origin of podocytes and
PECs, respectively. Furthermore, these results show that
culturing conditions in this study may be used to em-
phasize their unique features and make them distin-
guishable from each other. Isolated glomeruli used in
cultures for PECs contained numbers of decapsulated

and encapsulated glomeruli. However, isolation of glo-
meruli using the serial sieving method damages
podocytes and causes them to undergo apoptosis, possi-
bly due to mechanical stress (Ishikawa and Kitamura
1998). Therefore, cellular outgrowths arise from encap-
sulated glomeruli but not from decapsulated glomeruli
isolated using this method (Yaoita et al. 1991). In the
case of the former method, collagenase digestion may
help decrease the stiffness of renal tissue to minimize
mechanical stress during the isolation process. This may
help increase the survival of podocytes during the iso-
lation process.

Differences in morphology between the two cell
types were apparent in primary and secondary cultures.
In primary cultures, cells grow out from the isolated
glomeruli into a vast cell-free space that does not exist
under physiological conditions in vivo. In this situation,
podocytes often had large intercellular spaces and elon-
gated branched cell processes. By contrast, PECs
remained in close contact with their neighbors and
maintained a polygonal appearance. The existence of
large intercellular spaces between podocytes suggests a
weakening of intercellular binding forces. This hypoth-
esis was supported by the results of immunostaining and
Western blot analysis. Podocytes had lower levels of α-
catenin and cadherin 6 compared to levels observed in
PECs. These results are not surprising since catenins
and cadherins are major components of AJs, which join
the actin cytoskeleton to the plasma membrane and form

Fig. 6 Double-label immunofluorescence microscopic images showing
nephrin and PAX8 after 2 days (a, b) and 8 days (c, d) of subculture.
Nephrin (green) was localized at sites of cell-cell contact, while PAX8
(red) was localized in nuclei. Some nephrin-positive cells also stained
positive for PAX8 (a). Podocytes showed decreased PAX8 staining and

increased nephrin staining after an increased time in culture (a, c).
Meanwhile, PECs showed intense staining for PAX8 but not nephrin
during culture (b, d). The morphology of nephrin staining was identical
to that of podocin (inset in c) in podocytes after 8 days of subculture.
Scale bar = 25 μm in a–d, 5 μm in inset in c
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adhesive contacts between cells. Under confluent condi-
tions in secondary culture, podocytes and PECs also
showed differences in morphology. Podocytes tended
to extend cell processes to form interdigitations while
PECs sustained a polygonal appearance. In parallel, the
immunoreactivity of α-catenin and cadherin 6 became
weaker in podocytes, while PECs maintained intense
staining for the proteins. It has been reported that using
transfection to induce the expression of classic cadherins
in L cells, which have little cadherin expression at base-
line, strengthened cell-cell binding creates a polygonal
morphology (Nose et al. 1988). This polygonal appear-
ance may not be maintained if cadherin activity is
blocked (Hatta et al. 1985). The polygonal morphology

of PECs, therefore, is related to their high levels of
expression for AJ proteins. Podocytes developed cell
processes extensively after the decrease in AJ protein
expressions, which coincides with the morphological
differences between podocytes in the S-shaped body to
those of the capillary loop stage of development.
Extensions of cell processes between podocytes may
require the loss of AJ proteins. Thus, AJ proteins may
also serve as markers for distinguishing the two cell
types. The above observations regarding cellular mor-
phology, such as the large intercellular spaces observed
in primary cultures, the formation of cell processes dur-
ing confluence and the disappearance of AJ proteins
represent non-epithelial features of podocytes. These

Fig. 7 Time-dependent
expression of podocyte (a, b) and
PEC (c, d) markers after
subculture. Solid lines and dotted
lines indicate expression levels in
podocytes and PECs,
respectively. Values represent
mean ± s.d. of six independent
experiments. *P < 0.05
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changes contrast sharply with typical epithelial features
of PECs.

Cells that stained positive for AJ proteins and PAX8
were detected during the primary and early secondary
phase of secondary phases of cultured podocytes using
immunofluorescence microscopy. Since there was a pos-
sibility that podocyte cultures stained positive for AJ
proteins or PAX8 due to PEC contamination, staining
for podocin or nephrin was used to distinguish between
cultured PECs and podocytes (Figs. 5 and 6). Neither
podocin nor nephrin staining was detected in PEC cul-
tures, indicating that podocin and nephrin were specific
markers for podocytes. Double-label immunofluores-
cence microscopy demonstrated that some of the
podocin-positive or nephrin-positive cells stained posi-
tive for cadherin 6 or PAX8 during the early phase of
podocyte culture. These findings indicate that podocytes
may express PEC markers in culture. Therefore, it
seems plausible that significant levels of PAX2 detected
in podocyte cultures using RT-PCR may originate from
podocytes rather than possible contamination with
PECs. In addition, weak but significant immunostaining
for WT1 and synaptopodin in most of the cultured
PECs corroborates the idea that PECs may express most
podocyte-specific genes in culture, which coincides with
previous studies (Guhr et al. 2013: Yaoita et al. 2001).
These findings suggest that most of the markers have
relatively different levels of expression between the two
cell types. Therefore, expression of podocyte and PEC
markers do not necessarily confirm the existence of
podocytes and PECs, respectively. Rather, identification
of origin also needs to confirm low expression levels
for markers of the other cell types.
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