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BACKGROUND: In the past, pedocyles have heen deseribed as highly susceptible to dediMarentiation
under cell culture. Whether this pracess resulted from insufficicnt enlture conditions or whether it
was a conseguenece of missing cellular intoraciions remained uncleay. A further reason could be 1hat
podocytes within 1he maturing kidney arc irrcversibly growth-arrested at a very early point of
development hecanse prolilerating cells have heen detecied st the S-shaped body siage but not at the
capillary loop stage or in the maluring glomeruli. These ware important reasons that hindered the
establishment of podocyte cell enliurs wywlems.

EXPERIMENTAL DESIGN: The aim of our present study was to calture podocytes under the
mosl orjanobypic conditions possible to maintain typical cellular characieristics, Cortex ex-
planls of neonatal rabbit kidneys consisting of nephrogenic tissue were used as a source for
podocytes. No serum additives were given [or the whole culture period of 13 days. An
organ-specilic environment was obtuined by keeping the podocytes within the surrounding
renal lissue and by ensuring a permanent exchanpge of medium,

HESTLTS: mAlb were used to characterize podocytes and the other glomerular cell types.
Cultured podocyies and parietal cells of Bowman's capsule weve identified hy EnPo 1. Hs
19.2.105, a marker for eylokeratin 18, was used to discriminate among these epithelial cells
because cytokeratin 19 is expressed by the parietal cells of Bowman's capsule but not hy
podocytes. The Ab EC1 specifically detected emdothelial eells, Glomerular endothelium eultured
under medium perifusion expressed these typical Ag and thus could be unequivocally diserim-
inatcd, Furthermure, by means of the proliferativn mavker Ki-&7, it eould be demonstrated that
flomerulus-like structures developed under culiure by proliferation of visceral and parictal
cells of Bowman’s capsufe,

CONCLUSIONS: A culture maodel is presented ihat allows the maintenance of developing
podocytes wilhin the organ-specific tissue environment and under prrmanent medium perifu-

giom,

Additional key words: Glomerulus, Kidney, mAl, Porifusion cell culture, Rabhit.

Cell calture models would be of immense benefit in
the investigalion of events leading to glomerular in-
jury. Until now, collures have generally been estab-
lished using glomeruli thal have been obtained from
adult renal tissue by steving or contrifugation tech-
nigues or @ combination of both {1- 7). Howowver, typical
cellular characteristics of cells in primary culture
showed a distinet tendency to undergo change in a
dedifferentiation proeess (7- 100, Thus, the loss of mor-
phelegic and irmmunshistelogic features not only of the
lubular but also of the glomerular cells during culture
made it difficult to identify the dilerent cell types (11,
12} For example, renal podocytes taynonymous with
vizceral cells of Bowman's capsule! showed a strong
reaction with anti-GDd Ab, whereas cultured glomer-
ular ¢ills did not (13), The exprassion of smooth muscle

a-actin by cullured mezangial cells was stromgly de-
pendent on medium supplements {81

Markers poasessing exclusive specificity for visceral
or parictal glomernlar eells are scarce and are atrictly
species-gpecilic (14) After Nirst reports were published
that described the distinet expression pattorns of in-
termediale Mlaments (12, 15, 16), these murkors were
used frequently for the discrimination of the different
glomoerular cell types. Within the kidney, podocyles are
positive for vimentin bul do not cxpress cytokeratins,
whereas the paristal glomerular epithelium showa jusat
the opposite labeling pattern. IInlthéfor and co-
workers {13) reported that the cultured cells no longer
showed podocyie characleristics with reapeci Lo the
exprission of vimentin, Forlthermore, it was demon-
slrated ihat the cultures obtained from mature glomer-
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differeniialion (13). Thiz azsumption has been sup-
poried by resulte ohtained recendly (36, In these ex-
periments, the proliferating coll naclear Ay was lasi
detectable in developing podocytes at the capillary loop
arage. Cur resulla, obtained waing the proliferation
marker Ki-67, pointed in the same direclion. Alithoagh
padocyte precursars in the lower limb of the S-shaped
body were pogitive for Ki-67, no labeled cells were
detected in glomerudi of the capillary loop stage. It is
well known thal peoliferating cell nuclear Ag (PCNA)
caprossion continues slightly bevond thoe proliforalive
cell cyele phase (37). Thus, we have to conclude that
podoeyle proliferalion ceased between precapillary
loop and cupillary loop siages ol glomerulus develop-
ment within the kidney, Thiz developmental period
cannot be prolonped with organctypic culture condi-
tions.

MATERIALS AND METHODS
ORGAN MATERIAL

Necnalal rabbils (Days 1 do 3) were anesthetized waith
diethylether and were killed by cervical disloeation. For
immunohistelogic incabations, the kidneyes wore removed
and immediately frozen in liquid niltrogen, For the prepara-
tiom of renal vortex explants, the kidnevs were immersed
glerile PBS (pll 7.21 before foriher loeatbment.

PrRRIFLATON CILTITRE

Renal corlex explants were prepared and monnted as
degeribed in detail proviously (10, 200, After several washes
in Jlerale buller and eculture medium, the Obrous organ
capsle was stripped off of the kidoey by @ pair of slerile
foreeps. The explants wers mounwed ina sel of helding ringa
iMinucells and Minutissue, Rad Abbach, Germanys Theoso
wnunled explanis were placed in a parfusion culture eon-
tainer (g 30 and were kept under permanent medium
cxchange for 13 days. The eanstant flow rate of 1 mlhour was
produced with a conventional peristaltic pump (INF 8, [s-
matec, Wertheim, Cermany ), Culture containers were placed
on 1 warming plate (Medax, Kiel, Germany? al 37 C. The
culture mediom did ool inglude any seram. TE was compnscd
of Tarove's modified Dulbeood’s medimm, 25 mnt HEPES, 100
ITHml penicillin, 100 egiml streptomgein ((Hbeo-BRL Life
Technologics, Egmenstein, Gormany), 1% 1077 1 aldosterone
(Aldocorten, Ciba-(reigy, Bascl, Switzerland), and 1 = 14 G
1.25-dihvdroxyvitamin [ (Biomel, Hamburg, Germany)
Supply medium and used medinm were slorsd al 1" C. For
immu nohistolegic analvsis, explanta were placed on a drop of
TizegucTek «Plane, Moavhorg, FRG and were frozen in lguid
nitrogen betore crvosectioning.

Tu investpate the time cvarse of podoeyle development in
citru, kinetic experiments were carried oul. Te prove epro-
ducibilily, Lhree different 13-day kinetic experiments were
analyzed, including three explant samples per day.

Tod M UTOBLSTOLOCIE AN LYELS

For indirect immunoperozidase and immunotluorescence
laheling, erypuections of 5 pm were cul with a ceyvomierolomme
(Micron, Heidelberg, Germany . The ineubation provocol used
wad g inedificalion of the melbod described by Fujat et od,
(38). Fixation of seclions wad carried out following o two-step
protocn]. First, the sections were imtnersed for 30 seconds in
g soelution of 4.2% paratormaldehyde (Merck, Darmstadt,
Germany), 18% picric acid (Floka, DBuchs, Switzerland),
0.002% ceball chlonide, and 0.1% glutaraldebyde (Serva,
Heidelberg, Germany) in FBS, pH 7.2, Thiz procedure was
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ollowed by & 15-minule mcobalion in 8 solulion thal in-
cluded all of the reagents tated ahove except, glutaraldehyde.
Aftcr a washing step (0.1 M Tris-[hydroxymethyll-
aminemethan, ®igma Cheomical Company, St Louiz, MO,
0.89% NalCl, 0.002% Triton = 100, pH 7.4, Plerce, Rockford,
MEY, the samples were incubated in & blocking solution
consisting of §.F M Trs buller, pll 7.4, 255 FCS, 1% Nall,
and I% Trilon = 184 [ 45 minules, Primary Ab {for
dilutions aee helow)] were applied ovarnight. Riotin-ST-
comjugated donkey anti-monse Ig (Dianova, Hamburg, Ger-
many}t was diluted 1600 in blocking solution before applica-
tion. After this, the sections were washed and incubated for
30 minutes in phenylhydrasne solution (Sigmal, including
0L0006% 11,0, 1 Merck) Lo block endogenous perexidases, The
biclin-deteclion conplex wad applied according 1o the man-
ufactirer's instroctiong (Vectastain, Vector, Boarlingame,
CA). The cngyme reaction was then started by adding the
snbstrate solution (0.5 mgml diaminobenzidine, 0.1 ¥ Tns,
pll 7.4, 0.002% coball chlovide, 0.04% nickel chlode, and
0.012% H.Ou) A Onal rinse in wash buller stopped the
regolion, Aller Lhal, the seelions were dehydealed in g graded
ethanol geries and @ 10-minute incubation in x¥lol Merck)
PeleX (Serval served as embedding mediom. Sections were
analyzed with an Axiovert 385 microsoope (Zeiss, Oberkochen,
Germanyt The documentation of the results was earried out
nuing Agts PAN 25 Alm materisl,

Frumany A

The method doveloped by Kohlor and Milstein (39} was
used to produce the mAb, The Ab EnPo 1 and EC1 were
raized by immunizaton with whole kidney homogenate. The
characterization of the Ab was described in delail previously
i, 22,300, The labeling patlern of EnFo 1 and BCT an rabbit
tizge is liated in Table 1. For Ag detoction, wndiluted cultore
supcrnatants were uscd.

The maAh Ks 192 105 was raised and characterized, con-
cerming itz reactivity with human feral and aduolt kidney
tissue, by Moll ef g, (18} Fhe working dilution of Ky 192,105
was 1:400, The proliferation marker Ki-67 (27} was applied
undiluled as cullure supernatant.

CONTROTS

Contruls were provided by sectivns where the pimary Ab
weas ormitted and by secliony that were ineunlated with irel-
evanl primary Al None of these conleol seclions showed any
labeling of glomerular slruciuces,

SAMPLE PREPATATION FOR ELECTEON MICROSCOFY

Fresh prepared Kidaeys and explants cultored for 13 days
were fixed In culture mediom, including 3% glocaraldehyrde
(Merck}, and were postiized in 1% vsmium tetroxide diluled
in PBS. After dehydration in g praded ethanol series, the
samples were pagsed through propylene oxide and were
embeadded in Epon (Sarva), TNirathin sections ware stained
with nranyl aectate and lead citrale. The specimons wore
cxarnined with a Zeizs clectron microscope (B3] 9023 For
scanning electron microscopy, Lhe fixed samples were dehy-
drated in a graded series of elhanel, erilical point dried with
00, and spuller-oated with pold, Examinalion was earried
oul wsing the DS B0 A microscope (Zeiga),
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