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Abstract

Stem/progenitor cells are seen as a therapeutic option for repair of diseased renal parenchyma. However, actual data show
that survival of implanted stem/progenitor cells is impeded by harmful interstitial environment.

To learn about parameters for cell adaptation, renal stem/progenitor cells were mounted in a polyester (POSI-4) interstitium
during perfusion culture. Controlled fluid environment was maintained by chemically defined CO, - independent culture
media for 13 days. Cell biological features were then analyzed by immunohistochemistry, while structural details were
investigated by advanced fixation of specimens for microscopy. When stem/progenitor cells are kept in Leibovitz’s L-15
Medium or CO, Independent Medium, spatial development of numerous tubules is observed. Immunolabel for TROMA-
111, cingulin and laminin Y1 depicts that a homogenous cell population is contained. Semithin sections of specimens fixed in
traditional glutaraldehyde (GA) solution reflect an unobtrusive morphology. In contrast, fixation by GA solution including
ruthenium red unveils in tubules a thickened basal lamina. Fixation by GA solution including tannic acid illustrates atypical
development of a heterogeneous epithelium consisting of bright and dark cells.

Thus, advanced fixation of specimens makes pathological features visible, when regeneration is investigated by renal stem
> P B e > g g W
progenitor cells. To what extent a comparable risk lurks behind an implantation, has to be elaborated.
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Introduction

The repair of diseased renal parenchyma initiated by the implan-
tation of stem/progenitor cells is seen since years as an innova-
tive therapeutic challenge [1-4]. However, critical analysis of ac-
tual publications demonstrates that a real breakthrough was up to
date not achieved and the project still drifts more in a phase of
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preclinical research than in successful clinical trials.

Switch from comfortable to harmful Environment

Recent literature informs that stem/progenitor cells can be prin-
cipally administered via the arterial or venous vessel system, by
punctual injections into diseased renal parenchyma or by seeding
in the space left between the organ capsule and the outer cortex
[5-7]. Although various sites for implantation were tested, reasons
for an only minimal survival of implanted cells are unclear [8]. A
general impression is that the implantation starts and ends by a
simple injection of selected stem/progenitor cells. However, in
this coherence it is not considered that the application of cells
at the moment of implantation is only the inducing link, which
belongs to a complex biomedical chain leading hopefully to re-
generation of diseased renal parenchyma. To shed some light in
the small degree of stem/progenitor cell survival in diseased re-
nal parenchyma, analytical focus must be directed to the origi-
nal environment of stem/progenitor cells in compatison to the
procedure of implantation and successive seeding, Fact is that in
embryonic renal parenchyma epithelial and mesenchymal stem/
progenitor cells occur within the special environment of a highly
structuted niche [9]. Further both types of stem/progenitor cells
are separated by a special interstitial interface containing abundant
but filigree extracellular matrix [10-12]. Despite separation both
types of stem/progenitor cells are not functionally isolated, but
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connected via tunneling nanotubes [13, 14].

Further on, independent on whether renal or other types of stem/
progenitor cells are under consideration for implantation, they
must be isolated and then incubated in a culture medium sup-
porting development before an injection is made [15, 16]. When
implantation is performed, one has to realize that a co-implanted
culture medium immediately dilutes so that stem/progenitor cells
are surrounded from one second to the other by diseased renal
parenchyma. Here they are exposed to degenerating epithelia, al-
tered extracellular matrix, unbalanced electrolytes, growth factors,
interleukins and hormones. It is obvious that such an environ-
ment does not stimulate intended repair [17-20]. As a result, the
majority of cells is damaged so that only a small fraction will be
able to migrate to the site of restoration. But how can repair of
diseased parenchyma be realized, when stimulating interstitial flu-
id and attractive extracellular matrix are lacking? In this situation it
appears that implanted stem/progenitor cells are overstrained and
that one expects more than they can really do.

Buffering environment facilitates the transitional
period

When stem/progenitor cells are implanted in diseased renal pa-
renchyma, the main problem is that they are exposed from one
second to the other to a stressing environment. Thus, the concept
for an adaption is to create a buffering environment and to co-
implant it with stem/progenitor cells. The technical answer is to
seed selected cells in an artificial interstitium and to implant the
ensemble as it was eatlier proposed [21]. In this scenatio stem/
progenitor cells are kept in a polyester fleece. Comparable to the
original niche the fibers of the fleece mimic extracellular matrix,
while the space between acts as a reservoir for fluid. In a first step
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a fleece with included cells can be inserted in a perfusion culture
container. Here cells are optimally provided with nutrition and
respiratory gas by the transport of always fresh medium. Stem/
progenitor cells seeding in an artificial interstitium can be used
for advanced 7z vitro experiments necessarily needed in preclini-
cal research (Figure la-c). For example, promoting or inhibiting
effects of drugs on developmental capacity of contained stem/
progenitor cells can be tested yet adapted to realistic conditions.
When fiber coating, fluid composition, morphogenetic factors,
anti-inflammatory drugs or respiratory gas are modulated, essen-
tial information about capacity for repair will be collected. Finally,
when satisfactory data are generated and an implantation comes
in sight as a second step, an optimized fleece loaded first with
stem/progenitor cells can be implanted by minimal invasive tools
in the space between the renal organ capsule and the outer paren-
chyma (Figure 1d-f).

However, the presented idea, concept and reality must be brought
to concurrence. Yet, more than 10 years of practical experiences
show that the search for a suitable fleece as artificial interstitium
and a stable culture medium for implantation takes more time
than it was earlier anticipated. For this reason actual research in
our laboratory is still in a preclinical phase dealing with advanced
in vitro experiments (Figure 1a-c). To show sustainable success of
this strategy but also to give insights in new problems, some of
actual results are presented.

Isolation of renal niches

When developmental capacity is tested, renal stem/progenitor
cell niches must be easily preparable and they must be available
in sufficient quality and reproducible quantity for cell biological

Figure 1. Schema illustrates seeding of renal stem/progenitor cells in an artificial interstitium for (a-c) preclinical research
and (d-f) clinical application. (a) Stem/progenitor cells (s/pC) are isolated by stripping off the capsule of neonatal rab-
bit kidney with fine forceps. (b) An artificial interstitium is created by placing isolated tissue between layers of a POSI-4

polyester fleece (PF) within a Minusheet® tissue carrier. (c) The catrier is transferred to a perfusion culture container with

horizontal flow characteristics. Then culture is performed for 13 days at 37°C under atmospheric air. During this period al-
ways fresh chemically defined culture medium is transported by a peristaltic pump (1.25 ml/h) from a storage bottle to the
container and then to a waste bottle. (d) For an intended implantation cells are loaded in a fleece with integrated tubes (ar-
rows). (e) Then a fleece pad with integrated tubes is implanted under the organ capsule und connected with other fleeces.

(f) After implantation fleeces are perfused with always fresh culture medium and respiratory gas to protect contained cells

against harsh surrounding of diseased parenchyma. At an afferent tube medication can be given, while on an efferent tube

physiological parameters are registered.

preclinical research

Animal testing

a

d
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analysis. For current research it was decided to use kidneys de-
rived from neonatal rabbit. To the best of our knowledge, up to
date no other species is known, which makes it possible to harvest
renal niches in shortest time, in such an amount and quality.

Briefly, for present experiments kidneys from one-day old New
Zealand rabbits (Seidl, Oberndorf, Germany) were isolated under
sterile conditions and cut into a ventral and dorsal half as earlier
described [22]. Then the fibrous organ capsule was stripped off
by fine forceps to obtain a constantly thin layer of stem/progeni-
tor cell niches adherent to the explant (Figure 1a). Applying this
method embryonic tissue of up to lcm in square can be isolated
for use in culture experiments and morphological analysis.

Artificial interstitium for in vitro experiments

For present expetiments renal stem/progenitor cell niches were
isolated to investigate developmental capacity and spatial forma-
tion of tubules. Due to suitable stimuli it is obvious that such
experiments cannot be performed in a simple dish. To facilitate
spatial development, a common technique is to coat stem/pro-
genitor cells by proteins derived from extracellular matrix (ECM).
However, personal experiences revealed that during culture the
coat of ECM first supports but then hinders development of tu-
bules. This is caused by the aspic like consistency of ECM coat
leading to unstirred layers of fluid. This effect accumulates harm-
ful metabolites and hinders provision with fresh nutrition and res-
piratory gas. To solve the problem, isolated renal stem/progenitor
niches are mounted in a polyester fleece serving as an artificial
interstitium as it was earlier described [22]. Application of this
technique leads between fibers of the fleece to an even distribu-
tion of fluid preventing in turn pressure peaks.

To prepare an artificial interstitium, isolated tissue containing
renal stem/progenitor cell niches (Figute 1a) is placed between
punched out layers (13 mm in diameter) of a polyester fleece.
In earlier investigations an 17 fleece (Walraf, Grevenbroich, Ger-
many) or POSI-4, POSI-5, POSI-6 and POSI-7 fleeces (Positech,
Hallwil, Suisse) were successfully applied [21, 22]. To obtain more
information about density of generated tubules, in the present-
ed experiments isolated renal stem/progenitor cell niches were
mounted between layers of a POSI-4 fleece (Figure 1b). To keep
the sandwich in position, it is transferred to a Minusheet® tissue
carrier (Minucells and Minutissue, Bad Abbach, Germany) and
then inserted in a perfusion culture container with horizontal
flow characteristics (Figure 1c). To provide nutrition and respira-
tory gas for a period of 13 days, always fresh culture medium is
continuously transported at a rate of 1.25 ml/h with an IPC N8
peristaltic pump (Ismatec, Wertheim, Germany). Further on, all
of the culture experiments are performed under atmospheric air
on a thermo plate (Medax-Nagel, Kiel, Germany) at 37°C.

Under described experimental conditions up to date unsolved
biomedical problems can be adequately investigated. For exam-
ple, of special interest is to increase developmental capacity of
stem/progenitor cells seeding them in new types of biodegrad-
able fleeces impregnated with anti-inflammatory drugs or mor-
phogenetic proteins (Figure 1c). A further topic is to stimulate
physiological tolerance and to learn about cell adaption, when rich
culture environment is switched over to a simulated harmful in-
terstitial fluid. Thus under realistic conditions can be investigated,
when implanted stem/progenitor cells come in contact with dis-
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eased renal parenchyma [23-28]. It is obvious that developmental
capacity of implanted stem/progenitor cells must be reinforced
to compensate stressing environmental parameters. The challenge
for the future is consequently to learn about stimuli supporting
stemness, proliferation, differentiation and spatial development
although restoration in harmful environment must take place.

Application of an Artificial Interstitium for Im-
plantation

When sound knowledge is available from the preclinical area
(Figure la-c), in a second phase the concept of seeding stem/
progenitor cells in an artificial interstitium could be taken over
for testing in animals (Figire 1d-¢). The goal is to elaborate an ef-
fective implantation technique for stem/progenitor cells that acts
as a buffering fence. It must protect on the one hand implanted
stem/progenitor cells against destructive molecules occutting in
diseased parenchyma and must support on the other hand initial
seeding, proliferation, migration, differentiation and subsequent
spatial repair after an implantation.

The technical concept is to seed stem/progenitor cells in a poly-
ester fleece serving as an artificial interstitium [21,22]. However,
in this scenario additionally an afferent and an efferent tube is
integrated within the fleece pad so that contained stem/progeni-
tor cells can be provided before, during and after transplantation
with always fresh culture medium (Figure 1d). This implantation
technique produces a constant environment and a stable pH over
a prolonged period of time.

For a successful implantation it is further intended to insert sev-
eral fleece pads in the space between the renal organ capsule and
outer cortex of parenchyma (Figure le). Since tubes are inte-
grated, implanted fleece pads can be connected with each other.
This way all of contained cells are provided with nutrition and
respiratory gas during the initial phase of implantation. Finally,
medium that is transported in an efferent tube can be analyzed so
that parameters about the actual situation within an implanted pad
are transparent (Figure 1f). Physiological data will reflect optimal
repair, while un-physiological measures signal that a correction by
individual medication has to be made.

Need for chemically defined culture media

Although frequently not considered, in most of the cases pres-
ently used cultute media for stem/progenitor cell research con-
tain serum, other undefined additives and a buffer system based
on NaHCO,. However, regarding a most probable metabolic al-
kalosis in diseased renal interstitium, uncontrolled influence of
serum on development and finally avoiding any risk of infection,
only chemically defined culture media are under current use in
our laboratory.

Since a culture medium is essential for implantation, it must be
guaranteed that its pH stays stable independent whether it is used
in an incubator, under atmospheric air or after implantation in
the avascular environment of diseased renal parenchyma. Further
on, isolation, cell mounting in a fleece, subsequent perfusion cul-
ture and implantation are carried out under atmospheric air in the
laboratory. Due to this reason a culture medium must be selected
that lacks respectively contains only low NaHCO, due to low CO,
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concentration in atmospheric air.

As a consequence, for present experiments chemically defined
Leibovitz’s 1.-15 Medium (Nr. 31415-029) and CO, Independent
Medium (Nt. 18045-054) both including Phenoltred (GIBCO/In-
vitrogen, Karlsruhe, Germany) are selected for use in the labora-
tory [29, 30]. Infections are prevented by adding an antibiotic-an-
timycotic cocktail (1%, GIBCO/Invitrogen). As eatlier described,
formation of tubules is induced by administration of aldosterone
(1 x 107 M, Fluka, Taufkirchen, Germany) [21, 22]. In desctibed
culture experiments a constant pH of 7.4 is maintained by CO,
Independent Medium, while pH in Leibovitz’s L.-15 Medium has
to be adjusted by adding aliquots of N-2-Hydroxyethylpiperazine-
N-2-Ethane Sulfonic Acid (HEPES; GIBCO/Invitrogen).

Unspectacular morphological features of a poly-
ester fleece

An artificial interstitium must promote spatial development of
stem/progenitor cells. Excellent expetiences wete made by a
fleece consisting of woven respectively compressed fibers mim-
icking extracellular matrix (ECM). For present experiments a
POSI-4 polyester fleece was selected. It has a thickness of 0.13
[mm], a water porosity of 1480 [L/m?/S] and a micron rating of
40 [um]. Due to its small thickness it is possible to increase space
for spatial development by the use of 4 layers POSI-4 fleece for
cell seeding instead of a single layer of an earlier applied 17 fleece
(0.6 mm) [21]. By piling and paving the extension of the fleece
and thereby the density of regenerating tubules can be influenced
[31].

Of particular interest is the surface and orientation of polyester
fibers in an applied fleece. It is supposed that these parameters
influence spatial formation of tubules. To analyze those features
in detail, scanning electron microscopy must be performed. As an
example, for optimal results a POSI-4 polyester fleece is sputter-
coated with gold (Polaron E 5100, Watford, GB) and analyzed in
a DSM 940A scanning electron microscope (Zeiss, Oberkochen,
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Germany) (Figure 2a). Images of the screen are taken by a Pen-
tax SLR Digital Camera and processed with Adobe Photoshop
7.0 (Adobe, California, USA) and Corel DRAW Suite X5 (Corel
Corporation, Otawa, Canada). An analyzed polyester fleece dem-
onstrates that its fibers are lining in a longitudinal, transversal and
oblique course. They show a homogenous composition and a sut-
prisingly smooth surface without any recognizable protrusions or
roughness. The average diameter of a fiber is 10 um. When they
are crossing, the contact site appears slightly dilated but does not
exhibit any remarkable signs. Thus, the orientation and distribu-
tion of all fibers are fully inconspicuous. In each case the surface
of a fiber does not explain their hidden capacity to promote spa-
tial development of renal tubules in combination with a chemi-
cally defined culture medium.

Immunohistochemistry suggests intact develop-
ment

When stem/progenitor cells ate seeding in an artificial interstit-
ium, development depends on both an intrinsic cell biological
capacity and the environment reflected by fiber composition of
the applied fleece and/or composition of the culture medium. To
obtain concrete information about inhibiting or promoting influ-
ences, in the present set of expetiments renal stem/progenitor
cells were mounted in a POSI-4 fleece (Figure 2a) and cultured in
combination with chemically defined CO, Independent Medium
(Figure 2b) or Leibovitz’s I.-15 Medium (Figure 2c). Of main in-
terest was to register, if an even distribution of generated tubules
within the fleece takes place. For this analysis a quick and reliable
technique for exact visualization is needed. Excellent experiences
were made by whole mount immunohistochemistry on generated
tubules in combination with confocal laser scanning microscopy
(Figure 2b,c).

A reliable method is to fix a POSI-4 fleece with adherent renal
tubules in 70% ethanol. Before labeling specimens are washed
several times with phosphate buffered saline (PBS, pH 7.5) and

Figure 2. Scanning electron microscopy (SEM) of a POSI-4 polyester fleece and confocal fluorescence microscopy of tu-
bules showing spatial growth between the fleece fibers. (a) SEM shows an unobtrusively looking surface of polyester fibers
(PF). Whole mount label for cytokeratin 19 (TROMA-III) illustrates under low magnification development of numerous
tubules (T), when specimens are raised in (b) CO, Independent Medium or (c) Leibovitz’s L-15 Medium.
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incubated for 30 minutes with blocking solution (PBS, 10% horse
serum from GIBCO/Invitrogen, 1% bovine setum albumin from
Serva, Heidelberg, Germany). Then an antibody such as anti-cy-
tokeratin 19 (TROMA-III, Developmental Studies Hybridoma
Bank DSHB, Iowa, USA), anti-cingulin (Progen Biotechnik, Hei-
delberg, Germany) or anti-laminin Y1 (clone 3610, Santa Cruz
Biotechnology, Santa Cruz, USA) is applied for one hour. After
washing with 1 % BSA in PBS the specimens are incubated for 45
minutes with goat-anti-rat-IgG-rhodamine or donkey-anti-guin-
ea-pig-IgG-fluorescein-isothiocyanate (Jackson Immunoresearch
Laboratories, West Grove, USA) diluted 1:50 in PBS containing
1% BSA. Following several washes with PBS labeled specimens
are analyzed using a CM12 confocal laser scanning microscope
(Zeiss, Oberkochen, Germany). Fluorescence images are taken
with a digital camera at a standard exposure time and thereafter
processed with Corel DRAW Graphic Suite X5 (Corel Corpora-
tion, Otawa, Canada).

Intense whole mount label for TROMA-III exhibits in confocal
microscopy that numerous tubules are growing in a POSI-4 poly-
ester fleece, when specimens are raised in CO, Independent Me-
dium (Figure 2b) or Leibovitz’s I.-15 Medium (Figure 2c). In these
cases can be seen that tubules are evenly distributed in the space
between the fleece fibers. Further it is recognized that in tubules
a homogenously composed epithelium with isoprismatic cells is
contained (Figure 2b,c).

On selected cross and longitudinal sections TROMA-III label in-
dicates that tubule cells are bordered by a lumen and that their
basal aspect is covered by a basal lamina (Figure 3a,b). Further
intense label for cingulin indicates that epithelial cells within gen-
erated tubules are polarized and exhibit a tight junction complex
between the luminal and lateral plasma membranes (Figure 3c,d).
Finally, label for laminin Y1 illustrates that in series raised in both
CO, Independent Medium (Figure 3e) and Leibovitz’s L.-15 Me-
dium (Figure 3f) generated tubules are enclosed by an intensely
marked basal lamina. Looking over all, the impression is created
that generated tubules are evenly distributed and that they are well
developed. It appears that there is no more risk and nothing is
standing principally in the way of an eatlier mentioned implanta-
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Special fixation unveils unexpected morphologi-
cal details

When morphological analysis is performed in the atea of stem/
progenitor cell research, a common method is to fix specimens in
glutaraldehyde (GA) solution for light and transmission electron
microscopy combined with semi- and ultrathin sectioning, How-
ever, actual investigations illustrate that this traditional kind of
fixation does not display all contained morphological details. To
unveil such hidden structures improved fixation by GA solution
including ruthenium red or tannic acid must be applied [32].

To illustrate earlier not visible pathological details, polyester fleec-
es containing generated tubules were harvested after 13 days of
culture (Figure 1c) and fixed in the following solutions:

1. Specimens for control: 5% GA (Serva) solution buffered
with 0.15M sodium cacodylate, pH 7.4.

2. Specimens for ruthenium red contrast: 5% GA solution
buffered with 0.15M sodium cacodylate, pH 7.4 + 0.5% ru-
thenium red (Fluka, Taufkirchen, Germany).

3. Specimens for tannic acid contrast: 5% GA buffered with
0.15M sodium cacodylate, pH 7.4 + 1% tannic acid (Sigma-
Aldrich Chemie, Miinchen, Germany).

To obtain a reliable presevation of morphological details, primary
fixation must be performed for 1 day at room temperature. Af-
ter several washes with 0.15M sodium cacodylate the samples are
postfixed in the same buffer but additionally containing 1% osmi-
um tetroxide (Science Services, Miinchen, Germany). Specimens
are washed then with sodium cacodylate buffer and dehydrated
in graded series of ethanols. Finally, specimens are embedded in
Epon (Fluka) and polymerized at 60°C for 48 h. Semithin sections
are best made with a diamond knife on an ultramicrotome such
as EM UC6 (Leica, Wetzlar, Germany). Analysis of semithin sec-
tions is performed with an Axioscope microscope (Zeiss). Images
are finally taken with a digital camera (AxioCam MRC, Zeiss) and
processed with Corel DRAW Graphic Suite X5 (Corel Corpora-

Figure 3. Confocal fluorescence microscopy of tubules regenerating in a POSI-4 polyester fleece. Specimens are raised in
(a,c,e) CO, Independent Medium and (b,d,f) Leibovitz’s L-15 Medium. Whole mount label for (a,b) cytokeratin 19 (TRO-
MA-III) depicts in both series development of numerous tubules (T). (c, d) Label for cingulin demonstrates polarization of
tubule cells and formation of a tight junction complex (arrow). (e, f) Intense label for laminin Y1 shows formation of a basal
lamina (asterisk) on generated tubules.
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tion) as it was earlier described [33].
A closer look reveals atypical cell features

Semithin sections of specimens fixed in traditional GA solution
and stained with Richardson have an unremarkable appearance
and exhibit that numerous tubules are developing within the arti-
ficial interstitium (Figure 4a,b). In series with both CO, Independ-
ent Medium (Figure 4a) and Leibovitz’s I.-15 Medium (Figure 4b)
can be seen that a single epithelial cell layer and a homogenous
population is contained in generated tubules. Dependent on the
section plane it is further recognized that the luminal side of cells
borders a lumen, while the basal aspect rests on a barely recogniz-
able basal lamina. In several cases the lumen is filled with apop-
totic cells and a special luminal matrix as it is known from other
developing epithelia [34]. Vacuoles in the cytoplasm of generated
tubule cells occasionally occur. Finally, differences in morphologi-
cal quality of tubule cells cannot be recognized.

In contrast, when specimens are raised in CO, Independent Me-
dium (Figure 4c) or Leibovitz’s 1.-15 Medium (Figure 4d) but
are fixed in GA solution containing ruthenium red, on semithin
sections a completely different histological pattern becomes vis-
ible as compared to samples fixed in conventional GA solution
(Figure 4a,b). Ruthenium red label demonstrates that generated
tubules are enclosed by an unexpected prominent basal lamina.
Its extended scale is not recognized, when specimens are fixed in
traditional GA solution.

Moreover, specimens generated in CO, Independent Medium
(Figure 4e) or Leibovitz’s I.-15 Medium (Figure 4f) but fixed in
GA solution containing tannic acid exhibit a completely differ-
ent cell pattern as compared to series fixed in conventional GA
solution (Figure 4a,b) or GA solution containing ruthenium red
(Figure 4c,d). Most impressive, fixation by GA solution contain-

bttp:/ [ scidoc.org/ ]S T php

ing tannic acid depicts that in generated tubules two different
types of cells are contained. Some segments of tubules show a
homogenously composed bright ot datk cell population (T®/TP),
while in other segments a heterogenously composed epithelium is
developed consisting of dark and bright cells (T°/5).

Thus, improved fixation of specimens in GA solution containing
ruthenium red (Figure 4c,d) or tannic acid (Figure 4e,f) unmasks
hidden morphological details at the basal lamina respectively illu-
minates an earlier not visible heterogenously composed cell popu-
lation within the epithelium of generated tubules.

Finally, fixation by GA solution containing ruthenium red respec-
tively tannic acid was performed for control also with embryonic,
maturing and matured parenchyma of the kidney. However, nei-
ther the extended basal lamina nor the heterogenously composed
epithelium consisting of bright and dark cells is observed in intact
renal parenchyma. Since in none of the cases a coincidence is
found, unveiled morphological details in generated tubules have
to be ascribed to atypical cell development as it was recently de-
scribed [35, 306].

Disappointment meets Responsibility

Due to the lack of donor organs and a limited period for dialysis
an implantation of stem/progenitor cells into renal parenchyma
still appears as an attractive alternative to cure acute and chronic
renal failure in future [37, 38]. However, earlier published data
and here presented experiments put abundant expectations a bit
more into a realistic perspective. In our sight much more intense
research in the preclinical area must be performed in future, since
the concept is limited by an up to date still ineffective implanta-
tion technique, a suboptimal seeding and a surprisingly small sur-
vival of stem/progenitor cells in diseased renal parenchyma [39].

Figure 4. Analysis of tubules generated in a POSI-4 polyester fleece and fixed by various methods. Semithin sections of
specimens raised in (a, c, e¢) CO, Independent Medium or (b, d, f) Leibovitz’s L-15 Medium demonstrate a simple epithe-
lium with prismatic cells bordered by a lumen (arrow) and a basal lamina (asterisk). (a, b) Fixation of specimens in tradi-

tional GA solution followed by staining with Richardson exhibits that tubules contain a homogenous cell population. (c, d)

Specimens fixed by GA solution containing ruthenium red show an unexpected thick basal lamina (asterisk) on tubules.

(c, d) Samples fixed by GA solution containing tannic acid illustrate tubules containing dark and bright cells (T?/?) and

tubules with only bright or dark cells (T?, TP).

CO, Ind. Medium a Leibovitz's L-15 b
T
*
T
GA * PF GA
CO, Ind. Medium c Leibovitz's L-15 d
PF
*
T T
GA+Ruthenium red GA+Ruthenium red
CO, Ind. Medium e Leibovitz's L-15 f
T
TD TD/B
8 TD/B
GA+Tannic acid GA+Tannic acid *
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Since application of innovative fixation for morphological analy-
sis unexpectedly displays shocking results, pathologists must take
a closer look at those cases in future. For example, specimens fixed
by conventional GA solution suggest that in generated tubules an
epithelium with an unremarkable cell population is present (Fig-
ure 4a,b), while fixation of specimens in GA solution contain-
ing ruthenium red exhibits an altered basal lamina of generated
tubules (Figure 4c,d). Further fixation in GA solution containing
tannic acid illustrates that in tubules a heterogenously composed
epithelium is present consisting of bright and dark cells (Figure
4e,f). A comparable epithelium was detected neither in embry-
onic, maturing nor in matured renal parenchyma [40, 41]. There
is just one exception: the interstitial interface within the renal
stem/progenitor cell niche exhibits label for ruthenium red and
tannic acid [12-14]. This fact indicates that in generated tubules
featutes of stem/progenitor cells are still contained. Finally, since
an excess of vacuoles as an indicator for cytotoxicity is not ob-
served, the bright and dark cell types do not reveal clear signs of
programmed cell death (PCD) such as apoptosis or necroptosis
[42]. Looking over all the intact appearance including integration
within the tubule epithelium suggests that its formation is under
control of initial differentiation. However, the illustrated bright
and dark cell types are under influence of atypical development.

Regarding these disappointing result one could argue that atypical
cell development (Figure 4c-f) is caused as an effect of applied
advanced culture conditions (Figure 1a-c). This aspect cannot
be answered, since an implantation (Figure le,f) of here applied
stem/progenitor cells has not been petformed up to date. How-
ever, independent from that the here presented data clearly warn
that in case of an implantation into an animal a risk for atypical
cell development must be considered. In this coherence it makes
no difference, whether atypical cell development is caused by here
presented culture conditions or is evoked by harsh environment
of diseased parenchyma after implantation. Irrespectively of
whether it may be induced by culture conditions or evoked by the
environment after implantation, it is shown that in renal stem/
progenitor cells principally both intact formation of tubules and
a sleeping capacity for development of atypical cell and extracel-
lular matrix is contained [35, 36].

Conclusion

Personal experiences demonstrate that there is a long and some-
times difficult way from the idea to its biomedical realization.
When the project was started a decade ago, the primary focus of
interest was directed to environmental adaption, when stem/ pro-
genitor cells are transferred during implantation from a beneficial
culture medium to the inflammatory environment of diseased
parenchyma. As an answer an artificial interstitium is under de-
velopment to buffer the transition. Following this concept stem/
progenitor cells are loaded in a polyester fleece pad (Figure 1b) as
a substitute for interstitial extracellular matrix. Under desctibed
conditions chemically defined culture mediacan be principally ap-
plied before (Figure 1d), during (Figure 1e) and after implantation
(Figure 1f) via integrated afferent and efferent tubes. Although
this strategy is laborious, it shed new light to recognize that a hid-
den cell biological tisk in renal stem/progenitor cell development
is contained. In a timely manner this risk became apparent, before
an implantation in an animal was made. For that reason time in
the laboratory is not lost but a gathered one.
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The here presented data are based on the observation that con-
ventional fixation by GA solution (Figure 4a,b) does not show all
contained morphological details, while fixation by GA solution
containing ruthenium red (Figure 4c,d) respectively tannic acid
(Figure 4e,f) unmasks hidden morphological features. As a con-
sequence, the present data show that advanced culture conditions
in combination with innovative protocols for fixation are a huge
opportunity for future research that allow to register an extended
spectrum of morphological details. It is obvious that illustrated
morphological data do not inform about all contained cell biolog-
ical features. To obtain more solid information about illustrated
pathological cell development, it is obvious that a bouquet of new
antibodies and actual molecular techniques must be collated.

Finally, all parties involved in our laboratory must be happy that
hard work over the past few years has paid off so that this un-
expected tisk becomes visible before stem/progenitor cells are
implanted.
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