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SUMMARY

During kidney development the embryonic ampullar collecting duct (CD} epithelium changes its function. The capability
for nephron induction is lost and the epithelium develops into a heterogeneously composed epithelium consisting of principal
and intercalated cells. Part of this development can be mimicked under in vitro conditions, when embryonic collecting
duct epithelia are isolated from neonatal rabbit kidneys and kept under perfusion culture. The differentiation pattern is
quite different when the embryvonic collecting duct epithelia are culured in standard Iseove’s modified Dulbecco’s medium
as compared to medium supplemented with additional NaCl. Thus, the differentiation behavior of embryonic CD epithelia
is unexpectedly sensitive.

To obtain more information about how much influence the medium has on cell differentiation, we tested medium 199,
hasal medium Eagle, Williams’ medium E, McCoys 5A medium, and Dulbeceo’s modified Fagle medium under serum-free
conditions. The experiments show that in general, all of the tested media are suitable for culturing embryonic collecting
duct epithelia. According to morphological eriteria, there is no difference in morphological epithelial cell preservation. The
immunohistochemical data reveal two groups of expressed antigens. Constitutively expressed antigens such as eytokeratin
19, P, 9. No/K ATPase, and laminin are present in all cells of the epithelia independent of the colture media used. In
contrast, a gronp of antigens deteeted by mab 703, mab 503, and PNA is found only in individual series. Thus, each culture

medium produces epithelia with a very specific cell differentiation pattern,
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INTRODLCTION

Little knowledge is available about cellular biologiral mechanisms
leading from a homogeneously to a heterogeneously composed col-
lecting duct (CD} epithelium during kidney development. The epi-
thelium derives from a highly specialized tissue within the embryonic
CD ampulla. At this site the inducer is localized, which generates
all of the nephron anlagen (28,30}, Here and [urther downwarnls
within the ampulla. frequent cell divisions are found, which cause
the: CD tubule: to elongate. Bevond the neck the shaft zone starts with
a sharp border where the adult and heterogeneously composed epi-
thelium consisting of principal (P} and different kinds of intercalated
(IC) cells arises (1,5,6,11).

We investigate factors affecting the transition from an emhryonic
tissue to an adult renal tissue with its different cell types. On one
hand the [unctional development depends on structural elements
such as the extracellular matrix (31). and on the other hand. on
soluble morphogenic substances such as vitamin A derivatives (35),
growth factors, or hormones (36). Further, it was found recently that
not only changes in the pH or osmolarity (9,12.26). but also variations
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in the extracellular electrolyte composition (22,32) play an important
role in the development of individual cell features.

Because of the cellular heterogeneity within the kidney, functional
aspecls of CD development are more easily investigated under in
vilro than under in vivo comditions. These experiments presuppose
that the embryonic CE cells are not kept as a simple monolayer on
the hottom of a culture dish but rather, on a tissue carrier and within
their specific extracellular matrix (17,20). Under static culture con-
ditions in medium containing serum and aldosterone, a P cell lype
develops with amiloride-sensitive Na transport and tight character-
istics (8). In contrast, under perfusion culture and in serum-free nie-
dium. aldesterone triggers the development not only of P but also of
B-type IC cell features by increasing the amount of peanut lectin
(PNA)-hinding cells (19). In addition, ireatinent of the CD epithelia
with culture medium supplemented with additional NaCl evokes in
the embryonic epithelia the primary appearance of further P and IC
cell features (22.32).

Regarding cell differentiation, we did not realize before how sen-
sitive the embryonic CD epithelium is to the influence of the envi-
ronment within the medium. To obtain further information about this
effect, we tested the infAuence of six different culture media on cell
differentiation under serum-free conditions in the embryonic CD ep-
ithelium. We analyzed whether all culture media trigger the expres-
sion of the same differentiation profile, or whether different programs
can be activated in the embryonic C1) epithelium.
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TABLE1

ELECTROLYTES, GLUCOSE AND OSMOLARITY IN CULTURE MEDIA USED TO TEST THEIR EFFECTS ON EMBRYONIC RENAL
DUCT CELL DIFFERENTIATION

Licove’s modificd

Dulbeceo's modified

Parameler Conventralion Dulbeceo’s medinm Medhum 196 Basul medium Eagle Williams™ medinin F. McCoys 54 medium Eagle medium
Na* {mmol/1} 117.8 138.9 146.2 144.4. 142.6 157.7
Cl- (mmol/1} 31.5 1253 111.2 117.9 106.4 1169
K! {mmal/l) 3.0 3.1 1.8 4.8 4.8 4.8
Ca™¥ {mmol/1) 1.1 1.5 1.4 1.4 0.5 1.3
Glucnse (mg/dl) 418.3 99.6 94.2 186.3 270.3 382.4
Osmolarity (mOrsm) 250.0 2700 236.0 288.1 289.6 323.8

‘The mean values of at least six meansurements are given.

the antibodies were used as undiluted culture supernatants. Later on, peanut
agglutinin {(PNA} (Vector, Burlingame. V1) was used, which binds 10 terminal
D-galactosy] residues of glycoproteins of B-type 1C-cells of the rabbit col-
lecting duct (29). PNA was applied at a dilution of 1:2000.

Immunohistochemistry. For microscoplical examinatiou of cultured epithe-
lia and for immunohistochemical detection of eollecting duct proteins 8-pm-
thick cryosections were prepared with a Cryostat HM 300 {Microm, Walldod,
Germany). For histological control, sections were stained with toluidine blue
solution, Immunolabeling was started by fixing the eryosections for 10 min
in ice-cold ethanol as described earlier {E3). After several rinses with phos-
phate-huffered saline (PBS), pH 7.2, the sections were incubated with a
blocking solution (PBS) containing L0% horse serum and 1% bovine serum
albumin (B84} for 30 min. The primary antibodies were incubated for 1.5 h.
After severul rinses with PBS and 1% BSA, the sections were treated for 45
min with a donkey-anti-mouse-IgG-fuorescein-isothiocyanate (FITC)-conju-
gated secondary antibody (Jackson Immnunoresearch Laboratories, West
Grove, PA) diluted 1:200 in blocking buffer. Afier being rinsed several times
in PBS and 1% BSA, the specimens were coincubated for 45 min with a
PNA-rhodamine conjugate {Vector) diluted 1:2000 in PBS to detect B-type
[C cell features (29). After several washes with PBS, the sections were em-
bedded in FITC guard (Testoe, Chicago. IL) and examined with an Axiovert
35 microscope (Zeiss, Oberkochen, (ermany}.

From each epithelium, at least 100 cryosections were analyzed. About 150
cells were scored within the epithelium for each crvosection. To determine
the number of immunopositive cells in the cultured epithelia a double le-
beling procedure was applied. The epithelia were first labeled with the nu-
clear marker propidium iodide (4 pe/ml in PBS; Sigma- Aldrich-Chemie, De-
isenhofen, Germany: data not shown) and then with a further cellular marker.
By this method the amount of mab-labeled and unlabeled cells within the
epithelium could easily he determined. The mean of immunopositive cells
within the epithelium is given in the text.

REsuLTs

We used embryonic GD epithelia to investigale the mechanisms
involved in the development and preservation of individual cell dif-
ferentiation. A prerequisile for reaching a high degree of cellular
differentiation under in vitro conditions is that the epithelia are kept
in an environment which is optimized as far as possible
(16,18,20,21). The emhryonic tissue grows In a carrier within is
organ-specific extracellular matrix (Fig. 1 A), in a specific cubiure
container {(Fig. 1 B) and with a permanent exchange of fresh medium
(Fig. 1 €). To test the influence of culture media on differentiation
in the following experimental series, the embryonic CI) epithelia
were exposed to Iscove’s modified Eagle medium (IMDM) with low
Na content, medium 199 (M 199), basal medium Fagle (BME}, Wil-
liams’ medium E {WME), and McCoys 5 A medium (MCM), all with
medium Na contenl, and Dulbeccos modified Eagle medium
{DMEM) with high Na content (Table 1).

Independent of the culture media used in all of the experimental
series, a renal CI) epithelium became established after 14 d of per-
fusion culture and was harvested. Among the different experimental
series, differences in cell quality could not be secn according to pure
morphological eriteria. All of the epithelia appeared well preserved
and showed a clear polarization. The luminal side faced the eulture
medium, while the basal area rested on a basement membrane and
the kidney-specific extracellular matrix. Since by the administration
of IMDM, M 199, BME, WME, MCM and DMEM an excellently
preserved epithelium could be harvested, all of the media appear 1o
be suitable in principle for {uture cell eulture protocols.

During development, maturing CD epithelium in the kidney un-
dergoes a mitotic and a subsequent differentiation phase without cell
proliferation (23}, All of the culture media used were originally made
1o keep proliferating cells in culture. Thus. it is not known whether
the ahove-mentioned media are suitable for the maintenance of post-
milotic tissue. When we analyzed proliferation activity in the cul-
tured embryonic CD) epithelium, we observed multiple dividing cells
after Day 1. whereas between Day 2 and 5 the number decreased.
After Day 7 cell divisions were no longer visible (data not shown)
(23). We found without exception that in all of the culture media
tested =o far, the CD epithelium in culture reached a postmitotic state
within 11 d as observed in the adult kidney (Fig. 2 A-F).

The cultured CD epithelia derive from embryonic tissue, which
undergocs a maturation process under in vitro conditions. It is thus
important to control the transition from the embryonic to the mature
stule. The embryonic CD marker mab P, Ampl showed a clear
immunohistochemical reaction at the basal part of the CD ampulla
in neonalal rabbit kidney (33). In contrast, no reaction was found in
the maturing or matured CD epithelium of the kidney. No immuno-
histochemical reaction with mab P ., Ampl was found on CD epi-
thelia cultured with any of the six different media alter 14 d (Fig. 2
G-L). In this respect the epithelia lost their embryonic character in
all of the series.

We tested the primary appearance of typical structural and func-
tional features during CD development by a set of monaclonal anti-
bodies after culture of the epithelia in different media (Fig. 3-6;
Table 2). Surprisingly, we found two groups of reaction pattern. The
one group showed constitutive antigen expression. Independent of
the culture medium used. all of the embryonic cells in the epithelia
showed primary upregulation of CD features. The second group com-
prised facultative antigens, whose expression depended on the cul-
ture media used.









470

From culture experiments it is known that variation In osmolarity
causes changes in cytodiflferentiation (10,27). I appears likely that
the variation in osmolarity in our culture media was responsible for
the change in ecll differentiation of the CD epithelia. However, we
observed that culiure of the epithelia in media with nearly the same
osmolarity such as BME (286 mOsm; Fig. 5 C.K/; Tables 1,2), WME
(288 mOsm; Fig. 6 A.1,G; Tahles 1.2) and MCM (289 mOsm; Fig. 6
B,E,H; Tables 1.2) did not show the same profile of evtodifferentiation
as expected. In contrast, a quite different and individual pattern was
observed. This resuli demonstrates that environmental factors other
than esmolarity inHuence the CD cell differentiation profile.

Further candidates for triggering differentiation are the electro-
Ivtes, since administration of NaCl or Na gluconate 1o IMDM changes
the differentiation profile of CD epithelia (22,32). Our culture media
showed a low (IMDM), medium (BME, WME, MCM), or a high
(DMEM) Na concentration (Table 1). For example, the lowest Na
concentration of 117 mmol/]l was found in IMDM, whereas the highest
concentration of 156 mmol/l Na was found in DMEM. We found that
the mab 703 binding on CD cells correlated with the Na content in
the different culture media (low Na, low number of labeled cells;
high Na, high number of labeled cells). In contrast, mab 503 binding
does not correlate with increasing Na concentrations (Table 2, Fig.
3-6). In addition, the increase of PNA-positive cells does not seem
to correspond to the increasing Na concentrations in the different
medlia. It was shown in earlier studies that PNA binding could be
drastically increased by addition of aldosterone to IMDM (19). Ob-
viously, the addition of aldosterone has this effect also in BME and
DMEM (Fig. 5 G,1. 6 7}, but not at this intensity in M 199, WML,
and MCM {Fig. 5 H, 6 G, 6 H). Thus, each culture medium produces

ils own very specific differentiation profile.
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